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Preface 



REALIZIX(t the great need for a more scientific knowl- 
edge of electricity on the part of thousands of practical 
men of limited technical education, an attempt has l)een 
made in the following pages to give a presentation of the subject 
which shall be easily understood by such men, and at the same time, 
cover all the essential principles and methcnls. The principles 
usually deduced by higher matheniatics are here made ch^ar by 
careful exjilanation and a large numl>er of diagrams drawn 
especially for the text. Xum<»rous engravings exemplify modem 
practice, and form a pictorial index to the latest and l)est methods 
of applying electricity to lighting, railways, power transmission, 
machine tools, etc. 

CThe Cyclopedia of Applied P^lectricity is l)ased upon the method 
which the American School of Correspondence has develo[)ed and 
successfully used for many years in teaching practical electricians 
the scientific principles underlying their work. Tt is compiled 
from the most valuable of the School's Instruction Paj)ers and 
forms a simple, practical, concise, and convenient reference work 
for the shop, the library, the school, and the home. 

CThe success which the American School of Correspondence has 
attained in teaching thousands of electricians is in itself the best 
possible guarantee for the present work. Therefore, while tliese 
volmiies are a marked imiovation in technical literature, represent- 
ing as they do the best methods of a large number of different 
authors, each an acknowledged authority in his work, — they are 
by no means an ex{>eriment, but are in fact the essence of the most 



•iicci'KHfiil iiicIIkkI yet deviHed for the education of the busy 
working man. 

CAnion^ the Hections of nioBt jiractical value are those on Alter- 
iiatinjr Current Machinery, Storage Batteries, Electric "Wiring, 
Li^htin^, etc. In tliese ])ages the authors have succeeded in 
jin^wMitin^ the subjects in such manner as to overcome the hitherto 
inHurinountable obstacle — hitrher mathematics. The rules and 
formuhu^ are presenttnl in a very simple manner, and special effort 
has Immmi made to illustrate every principle by diagrams and prac- 
tical examples. 

€LNumerourt examples for practice are inserted at intervals; these 
with the test cpiestions, help the reader to fix in mind the essential 
]M>int8, thus combining the advantages of a textbook with a refer- 
eniH' work. 

€L(Jnitef\il acknowltH^lgment is due to the corps of writers and 
col laboni tors who have prej>are<l the many sections of this work. 
Tht» hearty ci>-o|H'nition of these men — engineers of wide prac- 
tical e\|H»rieniV, and teachers of acknowledged ability — ^has alone 
made these volumes jH*ssible. 

4LTho Cvcli»[HHlia is publisheil in the belief that it wiU meet a 
ix^il iu^hI iiiiiong desiixners. a>nstructors and operators of elec- 
trical machinerv. That it mav save many weary hours of search 
HU\on^ the scaiteix^l te\rUK»ks and reference works of the day, — 
iHHtks Nxhich Iviug intendevl largely for college- trained men are 
iu*\vssHril\ fiiv frv^in uiefiiiivr the iieeils of the average practical 
lUHiK is dio hojv of the cwiijiler^ and publishers. 
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TELEPHONY 



PART I. 



To properly understand the manner in which sound is trans- 
mitted from one end of an electric circuit to the other, it will be 
necessary to entirely get rid of a popular idea, and to fix clearly in 
mindy at the outset, the process that actually takes place. The 
popular idea referred to is, that the sound prcnhiced at one end of 
a circuit actually travels over that circniit, in order to be heard at 
the other end. That is erroneous; in realitv the actual sound 
produced at one end of the circuit, properly equipped with tele- 
phone apparatus, travels no farther than it would if the telephone 
apparatus were not present. WTiat actually takes place is a process 
conforming to the law of Conservation of Energy. It may be 
described as follows: The sound energy pnxiuced in the presence 
of the telephone apparatus is transformed by that apparatus into 
electric energy, which, traveling to the distant end of the line, is 
again retransformed by the distant apparatus into sound energy. 
The sound energy thus reproduced, being an exact counterpart of 
the original, produces on the human ear the same effect, and there- 
fore can not be distinguished from it. 

Nature of Sound. Sound may best be defined as the effect 
produced on the ear drum by wave motions in the air ])articles. 
Every -day experience offers many proofs of this statement. If a 
man be observed while in the act of hammering nails into a 
plank, it will be found that, at a distance of about ten feet, 
the instant the hammer head strikes the nail a sensation is pro- 
duced on the ear, which is recognized as the sound of the impact. 
A little reflection will convince the observer that, although sepa- 
rated from the point of impact by ten feet, the result of that 
impact is transmitted in some manner through the intervening 
space, and made to impress the ear with the sen? In 
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other words, tbe disturbance caused at tlie source of the sound is 
carried through the iiifeneiiing space, and in turn affects the 
auditory nerves iu snch a manner as to produce sound. If no 
interveuing objects exist, such as a board fence or house, it will 
be found that the sound may be beard with equal distinctness at 
any point of a sphere whose radius is ten feet and whose center 
lies at the point of impact. It therefore l>econie8 established that 
the disturbance caused by the hammer striking the nail iti trans- 
mitted with eipial intensity along all lines radiating from the 
point of imjiact. 

Let the observer walk away from the man in question, con- 
tinuing, however, to keep him under observation. He will note 
that, as tbe distance increases 
jvL'reeptibly, tbe sound of the 
blow will no longer occur at the 
same instant that the hammer 
is seen to strike, but at an ap- 
preciable time afterwards, and 
this interval will increase with 
tbe distance. 

For a comparison between 
the phenomenon of sound which 
has just lieen observed, the work- 
ings of which cannot be seen with 
the eye, and some other phenom- 
enon which can be seen, let ns 
consider what ba|)pens when a 
stone is thrown into a pond whose surface is niiniffled, lljion the 
stone entering the water a disturbance is produced, which radiates 
in waves in all dirwtions. Any objects, such as chips of wood, 
that may W- floating on the surface ai-e agitated as tbe wave reaches 
them. Those nean^st the point where the stone enters the water 
are set in motion sooner than those more remote. In fact, the 
wave can lie observed to jii-ogreas fmm the center of disturbance 
till it gradually dies out or strikes the shore. 

From these simple observations, it is natural to imagine that 
sound consists of a wave ni()tion among the particles of air, which 
motion progresses from the center of disturbance along the radii 
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of a sphere. Other simple experiments will be made to prove that 
sound does really consist of wave motion among air particles. 

In Fig. 1 let A be a table upon which is fastened a vice B in 
the jaws of which a flat piece of steel D is tightly held. If the 
free end of C be drawn to one side, as shown at C', and then 
allowed to go free, the elasticity of the metal will cause it to re- 
turn to the vertical position, beyond which the kinetic energy due 
to its motion will carry it to the other side, as shown at C". From 
this position the elasticity will again cause it to return to the ver- 
tical, beyond which the kinetic energy will again carry it to some 
position between C and C. The elasticity will again cause it to 
return to the vertical. This constantly decreasing motion will 
continue until the piece of steel gradually comes to rest. It is 
evident that the particles of air, 
directly surrounding the bar, 
will be given a similar motion 
to that of the steel. If the 
spring is made to move rapidly 
enough, a sound will be heard. 

Keferring again to the piece 
of steel: the motion of its end 
from C to C and back, or from 
C to C", is called a complete 
vibration. The time taken to 
make a complete vibration is 
called A period ofvihration. 

To prove that sounding bodies are in a state of vibration the 
following experiment is useful: In Fig. 2, let A be a glass bell- 
shaped jar, and B a fixed steel point which is separated from the 
surface of the jar by a very small space. If a resined violin bow 
C be drawn across the edge of the jar till it emits a musical note, 
a series of taps will be heard. They are caused by the glass bell, 
in its vibration striking against the point. If a pith ball D, be 
suspended so as to rest lightly against the side of the bell, it will 
be violently thrown away from the jar when a musical note is 
emitted. 

If a glass plate A, Fig. 3, be secured at its center and sup- 
ported on a table, it will, upon being agitated by a resined bow, 
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friuit a DiOsical note. Soppoee saod be stre-ved on its snrbce. If 
tb<; p)&U: U a(riutt«d. tlir suci'l will leave ct^rtaiu portions of the 
\i\nu: t/--ir>-. n;A t^iAl'^l iii 'irtiiiittr liui^ on difft^n^nt portions of the 
platir. T})*- li.'ir:; e') 'XTujiitnl bv iLi^ rAad aiv thtr plao«s wheTO the 
difff.T'riit •Aa'.VT of vibraiioii nutl to furm /('«(-» <•/' rett. 

TJi'- aUyv.: «:X[>.rriiiiriiis ar*- safficirnt (o prove that all soaad- 
m-y U/ii*-: -AT*- ill a ::litt*f of vibration, and that the phenomeDon of 
wttiiA \-. 'ran-'-"] bv ihin vibntiion iKfing carried in wave motion by 
the air [iarti'-lt-s to tLt^ drum of the ear. and thence by the anditorj 
rt<:rv*-.-i to the ireuti.-r of s'tiiiid in the brain. 

Th'r riTid'TJt inii^t not supfios^ that the s^nse of eonad is catised 
by till: j.!irii''lf- of air. in actual contact with the sonnding body, 
U.'iii}^ proji^:t>fl ajrainst the ear drum. Such n not the case, any 
niort- than that the remote 
chips in the pond are set in 
motion by the particles of 
water at the point where the 
^ stone enters. What sctaally 
ha]i]ieiig in the case of the 
pond is that the particles of 
water being thrown aside by 
the stone, set up by means 
of tlie elasticity of the wa- 
ter !i vibratory motion in 
tlie adjacent particles. These 
in turn set up the same 
motion in those adjoining. 
Sn<:ci!HHivo piirtides art! tbiia set in motion by their neighbors, 
■iM-riry liicH out, or until particles are reached which, 
;c!iit to tho shore, have uo fellows to which to transmit 
111. The particles of water oriifiiially set in motion by 
•ojitiniii) to ot«;illate wilb a decreasinj; nin]ilitude, at or 




until llio 

l«-i.ig (1.1 ja. 

tliti vibratif 

the Htomt, ( 

vary iif'ur their orij^inal locality, until tbey come to rest. 

Similarly in tho caao of sound, tho particles of air adjacent to 
till) diHturbirig luwly aro set in motion, ar.d this motion is, through 
tliii (>luHtii-ity of the air particles, transmitted to those next adja- 
e<!iit. Themi in turn trausinit it to their neighbors until the motion 
dies out. When the particles of air adjacent to the ear drums are 
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set in motion, the sensation of sound is produced. The j)articles 
disturbed remain in their original localities. 

Air is not the only medium that will transmit sound. Metal, 
wood, water, and even earth, are useful in this respect. But for 
the present it will be sufficient to limit the discussion to sound 
transmission through air. 

Let us consider again the experiment of throwing a stone i^to 
a pond. If the stone be of good size, such as is used in street 
paving, the waves caused thereby will, upon close observation, be 
found to be of different sizes. The largest wave will carry upon 
its surface waves of less and less magnitude, down to the size of 
ripples. 

Nature of Sound Waves. The waves produced in water are 
the result of the parti- 
cles of water being dis- 
turbed in a vertical di- 
rection, and the direction 
of wave propagation is 
therefore at right angles 
to the direction of the 
displacement of the par- 
ticles. In the case of 
sound, the displacement of the air particles is in the same direc- 
tion as that of the wave propagation. The displacement of 
the air particles consists of an oscillation to and fro in the direc- 
tion of the wave propagation. These oscillations produce alternate 
pulses of condensation and rarefaction, which constitute the sound 
wave. 

To illustrate more fully, suppose that in Fig. 4, A represents 
one of the prongs of a tuning fork which is vibrating in front of 
the open end of a tube BB filled with air. As the prong A moves 
toward the position A' it pushes before it the adjacent particles of 
air, w'hich in turn push their neighbors. The result is a pulse of 
compression in front of the fork. When the prong A has reached 
the position A', it momentarily comes to rest, and consequently 
ceases to act on the air particles. The particles of air beyond are 
in a normal condition, because the pulse of compression has not 
yet had time to travel any appreciable distance. As the prong of 
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the fork moves back from A' to A", a partial vacuum is formed, 
and the air particles begin to move in the direction of the fork, 
causing a pulse of rarefaction. By the time the prong has reached 
the position A" and again comes to rest, the pulse of compression 
has moved to some point as M. The shaded lies denote the 
greater density of the air particles. With the pulse of rarefaction 
being formed at the fork, the air particles tend to rush that way, 
and by the time the fork has again reached the position A', and a 
second pulse of compression formed, a pulse of rarefaction is found 
at M' and the pulse of compression has moved to M". This oscil- 
lation of the air particles continues in unison or harmony with that 
of the prong of the fork, causing successive pulses of compression 
and rarefaction to be sent through the air in the tube. The dis- 
tance between the center of a wave of compression and a wave of 
rarefaction is called one-half a wave lengthy while the distance 
between two consecutive waves of compression is called a whole 
wave leiujth. A wave length may be defined as the distance 
through which the pulse has traveled while the prong of the tuning 
fork has made one complete vibration, during which time each 
particle of air has gone through one complete cycle of changes, 
both as regards motion and density. The period of vibration to 
each particle is thus identical with the period of vibration of the 
prong of the tuning fork. It has been proven by experiment 
that the rate of sound traveling in air is 1,0U0 feet per second. 
Now, if the tuning fork vibrates at the rate of 435 complete vibra- 
tions per second, the period will be -^j second, and the wave 
length will be VVir ^^ ^ ^^^^ *^^ ^ inches, which is the wave 
length in air for this note. 

Noise and Musical Sound. Thus far the discussion has been 
concerned only with sound waves of uniform length. It will be 
necessary at this point to inquire more specifically into the nature 
and construction of this wave. The discussion should be prefaced 
by this definition: The difference between noise and musical 
sound lies in the frequency of the disturbance. When the fre- 
quency exceeds 64 impulses per second, the human ear is not 
capable of distinguishing the separate impulses, but recognizes 
them only as a continuous sound. This fact may be illustrated 
by a piece of mechanism shown in Fig. 5, which consists of a 
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toothed wheel, which can be made to revolve, while a piece of 
cardboard is firmly held in such a position that the teeth strike 
against it as they pass. If the number of teeth on the wheel is 
known, the number of revolutions of the wheel per second multi- 
plied by the number of teeth will give the number of impulses 
given to the card in the same time. Rotating the wheel slowly at 
first, the separate impacts of the teeth against the cardboard are 
plainly discernable. As the wheel rotates faster, the separate im- 
pacts become less distinct, until when the number reaches 64 per 
second they merge into one another and become a musical note. 
If the speed of rotation be steadily increased from this point, the 
musical sound becomes steadily shriller, until it becomes so shrill, 




Fig. 5. 

or, in other words, the frequency so high, that the ear is unable to 
take any cognizance of it. 

Musical sounds can be distinguished in three ways: 

Loudness. This is the quality which, regarded subjectively, 
measures the intensity with which a musical sound afifects the 
auditory nerve. This quality depends, for sounds of the same 
pitch and quality, on the energy of the vibration of the air parti- 
cles adjacent to the ear drum, and is proportional to the square of 
the amplitude. 

Pitch. This is the quality which distinguishes an acute 
sound from a grave one; for example, a treble note from a bass 
note. Pitch depends upon the frequency of vibration, rising as 
the frequency rises. This point is illustrated by means of the 
toothed wheel and the card. 

Churacter. This is the quality which distinguish' 
the sound of the human voice and that of a co' 
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that of a violin and that of a French horn. The terms poor, harsh, 
rich, mellow, are used in this connection. The French call this 
quality thnhre; while the Germans use the term sound tinty or 
sound flavor. 

The point upon which the character of a sound depends was 
made a special study by the celebrated German scientist, Alex- 
ander Von Helraholz, and it may be explained as follows: The 
first essential characteristic of a musical note is that each vibration 
shall be exactly like its successor. In other words, the disturb- 
ance must be periodic. It has been shown by the French mathe- 
matician, Fourier, that any periodic vibration executed in one line 
can be definitely resolved into simple vibrations of which one has 
the same frequency as the given vibration, and the others have 
frequencies 2, 3, 4, 5, etc., times as great. The theorem may be 
briefly expressed V)y saying that every periodic vibration consists 
of a fundamental simple vibration and its harmonics. As a result 
of this reasoning, a sound wave caused by a musical note must 
always be considered as consisting of one simple vibration, corre- 
sponding in frequency to the pitch of the note, and several other 
vibrations whose fi*equencies are multiples of the first or funda- 
mental. This point is exceedingly important and should be clearly 
understood. Speaking in the language of the musician, the funda- 
mental vibration corresponding to the pitch of any note is called 
the funda mental y while the accompanying vibrations of higher 
frequency are called the over-tones. Helmholz determined that 
the character of a note depended on the number of over -tones. 
The vowel sounds used in speech are musical tones just as much 
as those used in singing, only they are not sustained as long. The 
laws governing their pitch intensity and character are therefore 
the same as those already described. To sum up, then, w^hen a 
person is speaking, the surrounding air particles are agitated within 
the range of the voice by a periodic vibration whose frequency, and 
therefore wave length, corresponds to the pitch. Superimposed 
upon this vibration are others whose frequencies are multiples of 
the first and their w^ave lengths the corresponding fractions of the 
first. 

The Nature of Electricity. Up to this point the subject of 
30und only has been considered. The object has been to fix clearly 
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in mind the fundamental principles of the wave theory. The ap- 

plication will be seen when the action of the sound waves on the 

telephone instrument is considered. However, it will now be 

necessary to inquire into the subject of the generation of electric 

current. The flow of current in any circuit is given by Ohm's 

E 
law, which is expressed: I = — in which I represents the current 

Xv 

in amperes, E the E. M. F. in volts acting in the circuit and 
R the resistance of the circuit expressed in ohms. From this 
equation it will be seen that to have a flow of current in an elec- 
tric circuit, an E. M. V. or difference in potential is necessary. 
Therefore, the first point to be considered is the method of gener- 
ating this E. M. F. E. M. F. may be generated in three ways: 
first, by chemical action between two or more bodies; second, by 
the heating of the junction point of two dissimilar metals; third, 
by the movement of a closed circuit in a magnetic field. For com- 
mercial purposes the first and third methods only are common. 
The second method is used only in laboratory experiments. The 
apparatus by means of which chemical action generates electric 
current is called a battery. A mechanism which is used to gen- 
erate E. M. F. by moving a closed circuit in a magnetic field is 
called a dynamo or generator. 

Batteries are divided into two classes, Primary and Secondary. 
A primary battery may be defined as one in which chemical action 
takes place directly to produce the E. M. F., while in a secondary 
battery the E. M. F. is produced by the chemical action set up 
after a current of electricity has been passed through the cell for 
some time. Secondary batteries are commonly called storage 
batteries. 

There are many types of primary batteries, each possessing 
peculiar features. In telephone practice, however, the types avail- 
able are limited to a few that meet the peculiar conditions required. 
They are, first, the Gravity Battery; second, the Leclanche Battery; 
third, the Fuller Battery; fourth, the Edison-Laland Battery; fifth, 
some forms of dry battery. 

Gravity Battery. In all forms of primary battery the E. M. 
F. is generated by chemical action taking place between two dis- 
similar bodies called the elements^ which are surrounded by a 
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copper ID metallic form, 
attacks the oxide of zi 



liquid called the eh'Ctrolijte. The wbole is encased in a glass jar. 
The electrical potential ireiierated in the cell depends on the nature 
of the substances used as elements. In the gravity cell the ele- 
ments consist of metallic zinc and metallic copper, and the electro- 
lyte is a solution of cnjiper sulphate in water. The generation of 
E. M. F. is attended by certain chemical changes which take place 
in the cell. The oxygen from the water attacks the zinc element 
forming an oxide of zinc, which in turn combines with the sul- 
phuric acid to form zinc sulphate, setting free the hydrogen. The 
hydrogen thus released attacks the copper sulphate, displacing 
the copper and forming sulphuric acid, and depositing the 
The newly formed sulphuric acid again 
;, forming additional zinc sulphate and 
_ again releasing hydrogen, which in 
turn displaces metallic copper as be- 
fore. As a result of this chemical 
action the elements remain in the 
fornt of metallic zinc and metallic 
copper. 

Polarization. By the term polar- 
ization of a cell is meant the collect- 
ing of bubbles of hydrogen on the 
copper or negative element. These 
hydrogen bubbles have an E. M. F. 
opposite to that set up by the ainc 
element, and as a result the two E. M, 
FiR. 6. F.'s of the cell, that due to the poten- 

tial difference between the zinc and the copjier, and that doe to 
the potential difference between the hydrogen bubbles and the 
zinc, are opposed to each other. AVben this condition exists, the 
cell is said to be |M)larized and the current ceases to flow. Since 
the hydrogen gas does not collect on the copper plate, but ia com- 
bined with the sulphate, polarization does not take place in the 
gravity coll. 

Fig. (i shows a cell of a gravity battery. Here the glass jar 
is shown at A, the zinc element at IJ, and the copper element at 
(!. To the copjKJr element is soldered an insulated wire D, while 
the zinc element is shaped to lit firmly over the top of the jar and 
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carries on its upj)er surface a binding post F. The copper sulphate 
(blue crystals) is j)laced in the jar and sufficient water poured in 
to bring the level just above the upper surface of the zinc. In 
setting up batteries of this type from 3 to 3h pounds of copper 
sulphate crystals are placed in the bottom of the jar surrounding 
the copper element. The crystals should be small enough to pass 
through a sieve with a IJ-inch mesh, and should not be so small 
as to pass through a -j?^-inch mesh. The water is then poured in 
until the zinc element is submerged. The battery is then short- 
circuited for about 24 hours. This short circuiting puts the cell 
into action, with the result that zinc sulphate is formed. This zinc 
sulphate solution gathers about the zinc element and therefore 
forms the upper third of the electrolyte. The lower two-thirds of 
the electrolyte is composed of copper sulphate solution which is 
indicated by a deep blue color. When a cell of this type is in 
good condition a distinct line separates the copper sulphate solu- 
tion from the colorless zinc sulphate solution above. As the liquid 
of the cell evaporates, the zinc sulphate is deposited over the edge 
of the jar. In a short while this deposit, which is in the form of 
white crystals, becomes very thick and reduces the efficiency of the 
cell. To prevent this a layer of oil about J inch deep is placed on 
the top of the electrolyte. This oil, by preventing evaporation, 
makes it impossible for the zinc sulphate crystals to be de{)osited. 
The E. M. F. of the gravity cell is 1.079 volts, and the internal 
resistance varies between 2 and 3 ohms, depending on the size 
of the plates, their nearness together, and the nature of the 
electrolyte. 

The Leclanche Cell. In this form of battery the elements 
consist of zinc and carbon, the latter being encased in a porous 
cup; the electrolyte is a solution of chloride of ammonium, com- 
monly known as sal-ammoniac. The action in this cell during the 
passage of the current is as follows: The chloride of ammonium 
is decomposed, the chlorine leaving the ammonia and hydrogen to 
unite with the zinc elements, forming chloride of zinc. The am- 
monia is dissolved in the water. The hydrogen enters the porous 
cup and would soon polarize the cell by collecting on the carbon 
plate were not some provision taken to prevent this action. Closely 
packed around the carbon element within the porous cup are crya- 
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tals of peroxide of manganese, which yield up a part of their oxygen, 
formlDg water by oomiji nation with the hydrogen. The peroxide 
IB thuB reduced to a sesque-oxide of manganese. When the battery 
IB delivering its normal current, the hydrogen is set free in a 
slightly larger quantity than can be absorbed by the manganese. 
Polarization, therefore, takes place, although very slowly; it be- 
comes noticeable where the cell has been in use for a very long 
time, and then quickly disapjKtarB upon the cell being cut out of 
service. The E, M. F, of this type of cell is 1.47 volts, and its 
internal resistance ia about 1 ohm. 





Fig. a 

In Fig, 7 is siiown a Leclanche cell, the jar being shown at A, 
the zinc at U, the carbon at (.' and the porous cup at U. The solu- 
tion of water and pal-aminuniac is shown through the jar at E. 

The Fuller Cell. This tyjw enijiloyes for its elements zinc 
and carbon. The electrolyte consists of a solution of 3 parts 
bichromate of [x)tasli, 1 part sulphuric acid and 9 parts water. 
The zinc is placed in a porous cup in the bottom of which 
is placed about 2 ounces i)f mercury. There is also [ilaced in the 
]K>rous cup a solution of chloride of sodium in water, of suSicient 
depth to completely cover the zinc. The mercury in the porous 
cup is to keep the zinc thoroughly amalgamated, or coated with a 
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layer of mercury. If this were not done the impurities which are 
always present, even in the best zinc, would, with dilute acid, set 
up chemical action in the zinc, thereby causing it to waste away, 
thus reducing the efficiency of the cell. The bichromate of potash 
is a combination of oxygen and the metals chromium and potas- 
sium. When the circuit of the cell is completed and the current 
flows, the sulphuric acid which passes through the porous cup 
attacks the zinc, forming zinc sulphate and setting free the hydro- 
gen. This hydrogen combines with the oxygen of the bichromate 
of potash, thus preventing polarization. 

The E. M. F. of the Fuller Cell is 2.028 volts, and its internal 
resistance about .5 ohm. The Fuller battery is shown in Fig. 8. 
The porous cup A is shown inside of the glass jar B; the carbon 
C is equipped at the top with a binding post D. The zinc is 
shown dotted inside of the porous cup and is also shown separately 
at E. O is a form of connector used with this type of cell on the 
zinc element; one end is fastened to the wire attached to the zinc 
and the other end holds the wire from the circuit. The two thumb 
screws insure good contact. 

Edison-Lalande Cell. The elements of this cell are zinc and 
copper oxide, and the electrolyte is oxide of potassium or caustic 
potash dissolved in water. Polarization is prevented by the decom- 
position of the water of the solution, which results in the oxygen 
combining with the zinc to form zinc oxide. This zinc oxide com- 
bines with the potash to form a soluble double salt of zinc and 
potash. The hydrogen of the water combines with the oxygen of 
the copper oxide to form water and deposit metallic copper. The 
copper oxide used in this type of cell is formed by roasting copper 
scraps, ground finely and formed into blocks. As in the case of 
the gravity battery, a layer of oil is placed uj)on the top of the 
solution, to prevent eva|)oration and the formation of " creeping 
salts." It also prevents the formation of carbon dioxide with the 
potassium solution. In order to produce a minimum internal 
resistance, a film of metallic copper is placed on the copper oxide 
before the battery is put into use. 

The E. M. F. of the cell is about .98 volt at starting, but falls 
to .75 volt after the cell has been running for a short time. The 
internal resistance, however, is very low, being about .025 ohm for 
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the largest cells. This type, owing to its low internal resistance, 
is especially adapted to the production of strong currents. 

Dry Battery. This type is made in several styles, all of which 
use zinc and carbon for their elements. While the term " dry " is 
applied to this cell, the application of the term is not strictly cor- 
rect. However, the electrolyte is so prepared that it cannot be 
spilled out of the jar, thus making it especially adapted for port- 
able use. The two typical forms of this cell are the Burnley and 
the Cassner. In both these types the glass jar is replaced by a 
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zinc cup, which serves the double purpose of being the retaining 
cup and the positive element. 

Burnley Cell. Here the carbon element is in the form of a 
solid cylinder A, Fig. 9, which is provided with the usual binding 
post B. Inside of the zinc cup is the electrolyte C, which is com- 
posed of 1 part sal-ammoniac, 1 part chloride of zinc, 3 parts plas- 
ter, 87 parts flour and 2 parts water. This compound, when 
mixed, is a semi-liquid mass which quickly stiffens after being 
poured into the cup. The depolarizing agent D is peroxide of 
manganese, the same as used in the Leclanche cell, and is packed 
around the carbon cylinder. The top of the cell is sealed with 
bitumen E or its equivalent. The binding post F is fastened to the 
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zinc cnp. It Trill be seen that the c<;ll is proof against Bpilltng. 
The E. M. F. of this cell is 1.4 volts, while the intemal reeietaDce 
is about 1 ohm. 

Cassner Cell. This tjpe is shown in Fig. 10, in which A 
represents the zinc cnp with its attached binding post B, C the 
negative element which consists of carbon and manganese, and 
carries at its top the binding post T>. The electrolyte, shown at 
E, consists of the following mixture: 1 part oxide uf zinc, 1 part 
sal-ammoniac, 3 parts plaster, 1 part chloride of zinc and 2 parts 
water. No special depolarizing agont is needed, as the zinc oxide 
tends to loosen the compound and make it porons, thus facilitating 
the interchange of gases. The sealing compound is shown at F. 





Fig. 11. Pig. 12. 

Fig. 11 shows the general appearance of a dry battery, A being 
the zinc cup with its binding post B, and C the end of the carbon 
element with its binding post D. The sealing compoand is shown 
atE. 

Wasteless Zinc. This is a type of zinc devised for use with 
the gravity battery; it is shown in Fig. 12, The zinc is equipped 
on the upper side with a conical- shaped projection A, and on the 
under side with a similarly shaped depression B, When a zinc 
haa become so far eaten away as to be useless a new one is added, 
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and the projection on the old one is fitted into the depreBsion in 
the new one, so that it may remain in OBe nntU completely con- 
Bnmed. The old zinc thus fitted into the new one is shown at C 

Tlie general appearance of the cell is shown in Fig. 13. The 
new zinc A is fastened to the sup^wrting clamp B which rests 
upon the odges of the jar. The old zinc is shown at C. By the 
use of this type of zinc and the gaining of greater zinc snrface the 
internal resistance of the cell is reduced to .7 obm. 

Secondary or Storage Batteries. Tims far the only types of 
batteries discussed are those wliit-h produce an E, M. F. from the 
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. the cell. A different type 



nnl. In this type a current of elec- 
) certain cliemiciil changes and store 



FiK. 1.1. 
chemical changes which go 
of cell must now bo cons; 
tricity is lirst nsed to prodi 
up certain clieniical athiilties. These chemical aflinities are then 
allowed to act, and in so doing priKliice an E. JVI. F. This type of 
cell is called a Storage or Secondary cell. 

The most simple type of utorage battery, and at the same time 
the type most suited to illustrate the principle U|x)n which it 
works, iw the one in which a current of electricity is made to pass 
through water. The action of the current is to decompose the 
water into its constituent elements hydrogen and oxygen. The 
hydrogen is collected on the negative pole and the oxygen on the 
positive. In Fig. li is shown a tank A containing water. The 
two terminals of an electric circuit are introduced into the tabes 
D and E at B and C, "When the current passes, the water ia 
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decomposed; hjdit^n U collected in the npri^t um D of tbe 
tnbe, while ozjgen ia collecltxl id the arm E. If. after the irater 
has been decompoeed. the source of cnnv nt i» removed and the two 
termioalB or electrodt^ F and G coDDeoted. the gases in nnitiog to 
again form water will generate an electric canvnt. ^Vhile this 
form of storage battery is osefat for illoBtratiTe pnrposes, it it 
Qseless oommerciallv. 

The storage battery commonly need today consists of two ele- 
ments of lead immersed in a solation of salphnric acid and w^ter. 
In the early form, the elements coneJeted of thin sheets of metallic 
lead, "mien a current of electricity passed tbrongh the cell, tbe 
water in the snlphnric acid dtKvm- 
posed and the oxygen passed to the 
positive plate and united with the 
metallic lead to form on its surface a 
red peroxide of lead. The hydrogen 
was set free at the n^ratire plate. 
The charging correnl being n^movMl 
and tbe two elements connected elec- 
trically a current was generated by 
tbe oxygen in the lead peroxide re- a". 
uniting with tbe bydrt^n and form- 
ing water. Tbe positive plate was 
thereby reduced again to metallic 
lead. The current continued to How 
until the lead peroxide disappeared. 
The forming of lead peroxide on the positive plate renders its 
surface spongy and porous, and, presenting more surface, renders 
it capable of forming and retaining a greatt^r amoont of lead 
peroxide upon the second charge than upon the first. Consequently 
this type of cell had to be charged and discharged several times 
before the positive plate was sutticiently porous to bring the cell 
up to its maximum etUcieucy. This charging and discharging 
ia caHedjvrmiii'j. 

As the process of forming necessitated the waste of a great 
deal of current, the chloride plate was introduced. It has proved 
to be the best and is now used almost universally. It is con- 
structed as follows: A siH-cially prepared "tablet" is made 
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rolling into spiral form a strip of corrugated lead J inch in width; 
the size of the spiral Ixjing g inch in diameter. A sheet of metallic 
lead is mould«?d under pressure around several of these tablets, the 
whole presenting an appearance as shown in Fig. 15, where A, A', 
etc., represent the tabU^ts and B the lead plate. Each lead plate 
is provided with a lug C for connecting two or more plates and 
also to provide a teruiinal for the circuit. 

The term " chloride " comes from the fact that the lead is 
derived from lead chloride, but no chlorine is used in the manu- 
facture of the battery. In general the tablets for the positive 
plates are made circular, while those used in the negative plates 
are square. The plates intended for the positive element are im- 
mersed in 8ul])huric acid, through which a current is passed in one 
direction for about fifteen days. In so doing the lead of the tab- 
lets is converted into lead peroxide or active material. They are 
then ready to be set up in the cell with the negative plates. 

There are two distinct chemical actions that take place in the 
storage battery; one during the charge and the other during dis- 
charge. The sulphuric acid acts upon the lead of the negative 
plate to form lead sulphate. When the charging current is passed, 
this lead sulphate is brt)ken up into lead peroxide, PbOj,. This is 
deriosited ufK)n the positive ])Iate. The metallic lead is formed on 
the necrative plate. The sulphate is liberated into the electrolyte. 
Expressing this chemical action as a chemical equation: 

2rbS(\-- rb I PbO, + 2S()3 

which moans that the lead sulphate is broken up into Pb O2, lead 
THTOxide, rb lead and SO, the sulphate. This sulphate combining 
with the water iIl.O) forms sulphuric acid, IL OSO3, or, as it is 
jT^Miendly written, H.S(\. 

Wl'uMi {\\o cell is discharged the reverse action takes place, and 
one atom oi oxygen loaves the loail peroxide to unite with the 
hvdn^i.vn of suljdiurio acid to form water. The sulphate in the elec- 
rn^lvto unites with the load monoxide to form sulphate of lead on the 
ne.-uivo plate; motallio h^•ld is oonvortiHl to sulphate on the positive. 
Pb PbO. '• ^M1.S(\ 011,0 -iPbSO, 

It will Iv appariMU from those oousidonitions that during 
ole^riTing the spooitio .M-axitvof the solution increases, and that 
while discharging the roxorso takes place. The resistance of the 



88 



TELEPHONY 



21 



electrolyte varies with its density within certain limits, decreasing 
as the density increases. The density of the electrolyte is very 
important and should be watched with great care. It is measared 
by an instrmnent called a hydrometer. 

The hydrometer consists of a glass bulb (A Fig. 16) about 1 
inch in diameter. To this bulb is attached a hollow glass stem B 
about 5 or 6 inches long. A quantity of small shot is placed in 
the bottom of the bulb, sufficient to sink it to the desired depth 
^'n pure water. On the stem is a graduated scale D resembling 
iomewhat that of a thermometer. The height at which the instru- 
ment floats will depend on the density of the liquid in which it is 
{)laced. On a scale so marked that the point at which it floats in 
pure water is 1,000, the density of the storage battery solution 
would be 1,200. At the end of discharge the density falls 
to about 1,190. 

The E. M. F. of a cell when fully charged is 2.4 
volts. In discharging it should never be allowed to fall 
below 1.9 volts. The average voltage is about 2.1 volts. 
The internal resistance of this class of cell is very low, 
being about .02 ohm. 

The capacity of a storage battery is rated in ampere- 
hours. This means the ability to deliver a certain num- 
ber of amperes for a given number of hours. For ex- 
ample, if a cell delivered 10 amperes for 10 hours, its 
ca|)acity would be 10 X 10 = 100 ampere-hours. This 
same cell would deliver 1 ampere for 100 hours. 

Another property which a storage battery possesses 
is the rate of charge arul rate ofdhcharge. This is meas- ^ is 16.. 
ured in amperes. The battery above referred to has a rate of dis- 
charge of 10 amperes. 

On account of the losses in the battery, the charging rate 
should always exceed the rate of discharge by about 10 ])er 
cent. The rate of discharge should never be exceeded, as in 
so doing the battery will certainly be injured. The trouble caused 
by over-discharge is called buckling, and means a bending of the 
positive plates. This bending is destructive in two ways: first, it 
loosens the lead tablets; and second, it causes short circuits by the 
bent plate touching the one next adjacent. When a plate becomes 
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bent it must be removed from the cell and straightened or a new 
one substituted. 

In setting up a storage battery, the plates must be carefully 
dusted before they are placed in the jars, care being taken to sepa- 
rate) and insulate the negative from the positive elements. In the 
smaller types, the plates are insulated by sheets of asbestos. In 
the larger sizes, the insulation is secured by placing glass rods 
between the plates, extending from the top to the bottom. The 

plates having been placed in the 
jar, the lugs are scraped clean, and 
all those on the positive plates 
are soldered together, as are those 
on the negative elements. The 
solution is then poured in and the 
charge begun at once. The utmost 
care should be taken not to leave the elements in the acid without 
immediate charging, otherwise sulphating will take place. The 
first charge should be carried on for a much longer time than 
that normally required; for example, about 18 or 20 hours at 
the normal rate for an S-hour charge. The cell may then be 
discharged at the normal rate until the voltage falls to 1.9 volts. 
It should then receive the regular charge, after which it is ready 
for work. 

Arrans^ement of Cells Into Batteries. There are two ways 
of grouping cells into batteries : first, in series/ second, in multiple. 
The first arrangement gives 
a total E. M. F. equal to the a a' 
sum of the E. M. F's of each 
cell. The method of connect- 
ing cells in series is shown in 
Fig. 17, in which A, A', A", 
etc., represent a number of 
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gravity cells. It will be seen that the zinc element B of the 
cell A is connected to the cop[)er element C of the cell A', while 
the zinc element B' of the cell A" is connected to the copper ele- 
ment C" of the cell A". This method is continued throughout; 
the zinc element of the last cell and the copper element of the first 
cell being connected to the line L. At this point it will be well 
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to remember that while the rinc element is electro-positive to the 
copper, and the current in the cell passes from one to the other 
with respect to the circait; the copper element is the positive 
terminal and the zinc the negative. As a resolt, the carrent flows 

from the copper terminal of —^ i ■ 

the lirst cell to the zinc terminal __ __ ^_ 

of the last, and so on through _^ _^ ^^ 

each cell back to the first. _^ _^ _^ 

Fig. 18 shows the method — — 

of connecting cells in parallel * ~ ' * ' * 

or mnltiple. Here the copper 



elements C, C, C", etc., of the ^«' ^*- 

cells A, A', A", etc., areconnected, asarethezincelementsB, 6', 6', 
etc. The copper terminal and the zinc terminal of cell A are con- 
nected to the line. With this arrangement the effective E. M. F. 
is that of one cell, bat the current giving capacity is equal to that 
of one cell multiplied by the number of cells. The reason is that 
the internal resistance of the whole battery ts equal to that of one 
cell divided by the number of cells. 

We have already learned that the internal resistance decreases 
with the increase in the area of the elements. It is evident that 
under these conditions this area is equal to that of one element 
multiplied by the number of ceils. A combination of these two 
arrangements can be obtained by connecting groups of cells in 
multiple, each group being made 
up of a number of cells connected 
in series, as shown in Fig. 111. 

M^netism. So far the ])ro- 
duction of E. M. F. by chemical 
action has been considered. Let 
Fig. 20. us now investigate the third 

method of generating E. M. F. In this method a closed circuit is 
made to move in a magnetic field. The machine constructed to 
do this work is called a dynBmo or generator. Before studying 
the generator it is well to know something of magnetism and the 
magnetic field. In Fig. 20 is shown a bar magnet, in which N 
and S represent the north and south poles, respectively. If this 
magnet is placed upon a table and covered with a thin sheet of paper, 
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fine iron filings shaken over the paper will arrange themselTea in 
carved lines radiating from each pole as shown. It will also be 
observed that the tendency of the filings is to form closed carves 
connecting the two poles. The space thronghout which this effect 
of the magnet is manifest is called ihejield; the curves which the 
filings tend to form are called lines oi force. 

It is a well known fact that if a current is flowing through a 
conductor AB, Fig. 21, it will be surrounded by circular lines of 
force, as shown at C, 0', 0", ,^.;^.^,^,,-^.,-^^,p^ 

etc. These lines have their A {{{ I \ ]"{ ]' } )' ) l' f |' Ti \\ <. B 



C" 
Fig. 21. 



. have their 
center coincident with the 
axis of the wire. The nnm- 
ber of these lines of force increases with the strength of current 
flowing through the wire. If instead of being straight the wire ia 
wound about a soft iron core, the strength of the magnetic field 
will be much greater for a given strength of current flow. For 
a given kind of iron core the amount of magnetization is the 
product of current strength 
and tliB number of turns 
divided by the length of the 
iron core. If the iron core 
bo extended so as to bring the 
poles ch)se together, as shown 
in Fig. 22, tlie amount of 
magnetization for a given 
current strength will be still 
greater. Such an arrangement 
is called an electro-magnet. 
If a elostHl conductor be 
made to revolve in the field 
of this magnet, so as to cut 
the lines of force, as shown 
at A, an E. M. F. will be gen- 
erated tbertdn and a current 
will flow. If, again, thisconductor be wound in many turns about 
A soft iron core, the amount of current generated will be greater 
for a given stn'iigth of fitrld, since the number of convolutions 
are increased, and the magnetic resistance is decreased by the 
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e of the soft iron armature. Sucli an arrangement is called 
a dynamo or generBtor. Fig. 23 ehowB the diagram of a dynamo. 
The two field cores are shown at A and A', tlie yoke at B, the pole 
pieces at C and C, and the armature at D. The epace between 
the surface of the armature and the polo pieces E and E' is called 
the air gap. The field winding is shown at F and F', while the 
armature coils are represented hy G. II and II' are the brushes 
which serve to collect the current from the armature. 

There are' three ways 
of winding dynamos. 
The shunt winding, in 
which the field winding 
ie of high resistance and 
shunted around the ar- 
mature ; the series wind- 
. ing, in which the field 
coils are connected in 
series with the arma- 
ture; and a couibin- 
ation of the two, called 
compound winding, in 
which a series winding 
is superimposed upon 
the shunt winding. 

The E. M. F. gener- 
ated by a dynamo is rep- 
resented by the product 
of the strength of field, 
the number of turns on 



B 






1 












L ' 




> pi 






) 




' 






;A < 

1 


, 








r*' 




















C 




fT 


c 


J 






















FiR. 23. 



half of the armature and the speed in turns per second. When a 
dynamo delivers current, the elfective E. M. K. is reduced somewhat 
by the resistance of the armature. When it is necessary to 
provide a coi^tant potential from ojh'u circuit to full load, it is 
advisable to use the compound winding, since by this means, as 
the current out-put increases hy passing through the series coils, 
it assists the shunt coils, increases the magnetic density and 
tends to keep the E. M. F. constant. 

Motors. The construction of a motor is identical with that 
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of a dynamo, but it acts in the opposite way. The current passing 
through the field and armature turns the latter. 

A dynamotor is a combination of a dynamo and motor on 
one shaft. This machine can be constructed so that the dynamo 
and motor have independent fields and armatures mounted on the 
same shaft; or in small machines one field and one armature is 
provided, and on the armature are two windings, one of which is 
used for the motor and the other for the dynamo. The commu- 
tator of one winding is at one end of the shaft, and that of the 
other winding is at the other end. 

Alternating: Current. So far, the generation of current flow- 
ing under a constant E. M. F. has been considered. Let us now 

consider the flow of current under a varying E. M. F. This force 
M _ c 



H 




M I 

Fig. 24. 

may vary in many ways: it may start with a certain maximum 
value and decrease to zero, or its variations may be irregular and 
according to no law. The two classes of variable current to be 
considered here are: one in which the direction of the E. M. F. is 
periodically reversed ; and one in which the E. M. F. is interrupted, 
but always in the same direction. In the first case, the E. M. F. 
rises from zero, attains a maximum in one direction, decreases to 
zero again, and gradually increases to a maximum in the opposite 
direction. This is called an alternating E. M. F., and the current 
flowing under its impulse is termed an alternating current. The 
second kind of variable E. M. F. will be discussed later. With an 
alternating E. M. F. a thorough knowledge of the law of tha varia- 
tion is necessary. 

Alternating current used for commercial purposes varies 
according to the law of sines. This is illustrated by Fig. 24. 
Suppose the circle M is described by the radius R which rotates 
around the center O, in the direction shown by the arrow head, 
and from its extremity lines are drawn perpendicular to the hori- 
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zontal line HH' as S. The length of these lines will follow the 
law of sines; that is, for any position of the radius the length of 
the line dropped from its extremity perpendicular to HH' is pro- 
portional to the sine of the angle that the radius makes with HH'. 
Starting with R coincident with OH', the length of S is zero. As 
the angle between R and OH' increases, the length of S increases 
until it equals R for an angle of 90"^. As the angle still further 
increases, the length of S decreases, until at an angle equal to 
180^,8 is zero again. As R rotates l)elow HH', S again increases 
in length, until at an angle equal to 270'', S again equals R. It 
then decreases, reaching zero again for an angle of 3()0^, or when 
R has completed its revolution. On the horizontal line 1 — 13, equal 
distances, such as 1 — 2,2 — 3, 3 — 4, etc., are measured off equal to 
the angle made by R and HH' in successive units of time. From 
these points ordinates are erected which are equal in length to S 
for the corresponding angle; a line joining the extremities of these 
lines will be a sine curve. It will be seen that this curve rises 
from zero at 1 to a maximum at 4, corresponding to a rotation of 
90° for R; it then decreases to zero at 180^. From this point it 
again increases (but in the opposite direction) to a maximum at 10, 
corresponding to a rotation of 270°, and again decreases to zero at 
13, corresponding to a rotation of 360^. The current impelled by 
this E. M. F. will also follow the sine law. and will vary in the 
same manner. 

An Induction Coil may be defined as that piece of apparatus 
which transforms a variable current into an alternatinir current. 
As it plays an important part in the art of telephony it should bo 
thoroughly understood. The induction coil is somewhat similar 
to the transformer used for electric lighting and power; but it has 
its distinctive features. It is a well known fact that when a cur- 
rent starts to flow through the primary winding of an induction 
coil it sets up a magnetic field in the iron core. If the instant the 
current first reaches the winding is considered, it will be seen that 
the magnetic field begins to increase in density. In so doing it 
sets up a counter E. M. F. in the remaining turns, which tends to 
retard the passage of the current. As the current reaches the suc- 
cessive turns, this counter E. M. F. is gradually overcome, and the 
primary current gradually reaches its maximum value. Again, 
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a«» the primary current begins to decrease a similar counter E. M. 
F, iH Ret up which tends to retard the decrease. The effect of this 
mairnetic Isar or reluctance is to retard the increase and decrease of 
the primary current, and therefore to change the shape of the 
alternating current wave induced in the secondary winding. 

Ah will ]>ii seen later, it is of the utmost importance that the 
variation of the j^rimary and the secondary currents should be in 
harmony with each other and with the sonorous vibrations that are 
to lie rejirrxlur-ed. The induction coil should be designed in such a 
manner that thin condition may exist. It is also evident that the 
magnetic lag is considerably influenced by the mass and arrange- 
ment of the iron core. If in designing a coil it were only neces- 
nary t^i g^'t induced currents in the secondary whose waves were in 
harmony with those of the original sonorous vibrations, the best 
results would Ix; obtained with a coil constructed without an iron 
c^jre. Tlie difference betw(»en the permeability of the air and soft 
iron IH HO niark^l that what is gained in clearness of reproduction 
would ]h- \()A by tin* weakening of the magnetic Held, and there- 
fore the induc«rd enrnMits in the siK'ondary. A compromise must 
th^n-fonr ]h' niad«5 between weakening the field and strengthening 
it at i]u' <*x[K'n.-e r)f ch'Hrness. The closed iron magnetic circuit is 
th^-n-fon* di.-^card<'<l and a straight magnetic core made of a bundle 
of H<ift iron win*s is substituted. The design of induction coils 
for telejihony has not been reduced to such an exact science as the 
design of the transformer. However, much has been accom- 
plinhfT^l by exfMjriment. 

Historical. Probably the first mention of the transmission 
of H[H?ech to a distance is that of Hobert Hooke, when in 1067 he 
descrilx'd how, by the aid of a tightly drawn string, he could trans- 
mit sound to a very great distance. The distance over which he 
pro[»agated Houiid is not mentioned; but those who are familiar 
with the lover's t(ile[)hone, to which Robert Ilooke's apparatus no 
doubt bore a great resem])]ance, will proba])ly limit the distance to 
a little over 100 feet. In ISOS Philip Reis, of Friedrichsdorf, 
(lermany, inviuitiul an aj)paratus which, by the aid of the electric 
current, would transmit sound to a distance. He called it the 
Tt'Jcjflinn, In ISTr), patent specifications were filed simultaneously 
at Washington by Alexander Graham Bell and Elisha Gray, and 
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Fig. 25. 



in February of that year the patent was granted to Bell by the 
United States of America for a speaking telephone. The question 
of priority between these two inventors was made the subject 
of a law suit, which ended in a compromise; one company buying 
out the patents of both. 

The Bell telephone, as first 
made, consisted of two per- 
manent magnets, of the form 
shown at A and A' in Fig. 25, 
to each of which was attached 
a harp of steel rods, B, B', B", 
etc. Between the poles of 
each permanent magnet was 
an electro-magnet C C; one 
terminal of each coil being 
connected together, while the 
other terminals were grounded. When the rods of the harp attached 
to A were made to vibrate the magnetic field of the electro-magnet 
was disturbed, and currents were thereby induced in its coil. These 
currents, flowing through the coil of the second magnet caused its 
field to fluctuate, with the result that the harp attached to A' was 
made to vibrate. The vibrations of the second harp were in unison 
with those of the first, and the amplitude of the vibrations of the 
first, determined the amplitude of the vibrations of the second; 
because the strength of the induced currents depended upon the 
amplitude of the vibrations of the first harp, while the amplitude 
of the vibrations of the second harp depended upon the strength 
of the induced currents. While this instrument was useful in 
proving that sound could be produced at a distance, by means of 
the electric current, it was useless as a means of transmitting 
Sooccn. 

The second form adopted by Bell is shown in Fig. 26. In 
this there was an electro- magnet A through which a current was 
made to flow. Attached to a membrane of goldbeater's skin B, 
was a piece of soft iron C which acted as an armature, the mem- 
brane allowing it to vibrate in front of the pole of the electro- 
magnet. The receiver was constructed as shown in Fig. 27, in 
which A represents a vertical electro-magnet enclosed in a soft- 
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iron tabe. to whi^ I* d^zLj scnt^w^i xi ooe edge an armmmre B 
of thin shiKfrZ Ltoq. Tie trxz^zrlzzcr ms eoasiracied to tnnsmit 



xrticnlxtr sp-i^ch, •ince ie T-Ibrarl^-ci* of thje s«>ft-LroQ armatnre were 

ID anisOQ TTitii thoee of zhxr nienibr»ii)e, wtich in tnnu were in 
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anisOQ witii :r.i>5e of :nrr vo>>r- 
The receivirr a'.=*-j wa^ ca: A'le of 
cfi vin cf out &r::ciila:«r rirtrch. 
In this form of ajfAranif a ret- 
tery of cells wai plaor^i in iLr 
circnit of each elcctr»j-ma^iiet- 
The instninieat. however. 
was farther m«>iii:t^i into the 
form shown in Vi^. 2>. It c«>n- j 
sisted of a {»ermanent magnet of 

the horse- shfje U-Jie, to the f*jleS 

of which were attache*! two coils B of fine wire. The thin soft- 
iron diaphratrni was niounte<i on a separate block as shown at C. 
Through the o|»f»osite siJe of this Uui-k a hole was bored, and a 
mouthpiece I) titte<l. The use of the piermanent magnet rendered 
the V>attery unnecessary. Thus the lirst practical telephone was 
prorluce<l. 

The next step in the change 
of the instrument was to mount 
lK)th the diajibragm and the per- 
manent matruet in the same case, 
so that the whole would be self- 
containeil. The result is shown 
in Fig. '2{K It consisted of a 
shell A, usually of hard rubber. 
This shell contained a cavity M 
at its upper end. Through the 
center of this shell a permanent 
magnet F was held in place by 
tlMt Hcrow I and carrie<l at its np|>tT end the coil E of fine wire. 
TUt^ii-miiunlH of this coil were brought down through the two chan- 
im'Im (i arjd (i' to the two binding posts 11 and II. The soft-iron 
djiiphnigin irt KJiown at AI ; it was held in place by the cap B 
v^h\i'.\i JH HcoojM'd out to form a mouthpiece. It will be seen 
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that the eesential parts were all contained within the shell. This 
instrument ia practically the same as the receiver in use to-day. 

The principle upon which the Bell receiver operates deserves 
a more detailed description than has yet bet-n given. In Fig. 30, 
A and A' represent two Hell telephones connected by a grounded 
circuit L. Suppose that the receiver A is to be used to transmit 




Fig. 28. 

sound to A'. The sound waves impinging upon the diapragm at 
A cause it to vibrate in unison, which means that the vibration of 
the diaphragm consistB of a fundamental and overtones. The dia- 
phragm so vibrating causes the same vibration 
in the strength of the field of the permanent 
magnet; this causes the same phenomenon to 
occur in the induced current flowing through its f 
coil. The induced current, therefore, consists, \ 
as did the original sound, of a fundamental and 
overtones. This is equivalent to saying that the 
electrical waves of induced currents consist of a 
wave, equivalent in frequency to that of the 
fundamental vibration, and superim|>osedupon 
this wave are others whose periods of vibration 
corresjKJnd to the frequencios of the overtones 
of the original sound. 

These electrical waves travel over the wire 
and reach the coil on the permant'nt magnet at 
A'. Here a reverse process of tmnsfonnation 
^kes place; there is set up in the magnet a 
vibrating magnetization, the vibrations consiKtingof a fundamental 
whose frequency corresponds to that of the fundamental of the elec- 




Fig.a 



32 TELEPHONY 



trical wave, and therefore that of the original sound; while superim- 
posed upon this are other vibrations whose frequencies correspond 
to the overtones. This fluctuating magnetic field sets up an identi- 
cal vibration ip the diaphragm A' and therefore in the adjacent 
air particles. As the air particles at the receiving station are set 
in the same vibration as those at the transmitting station, the 
resulting sound is identical. As a matter of fact, the ohmic re- 
sistance of tlie line reduces the amplitude of the electrical waves, 
so that the resultant sound is not as loud as the original. Addi- 
tional losses take place at every transformation from sound to 
magnetic, and from magnetic to electrical energy and the reverse. 
These losses still further decrease the amplitude of the sound waves 
at the receiving station, and, therefore, the loudness of the sound. 





A' 

^^^ GROUND GROUND-^^ 

Fig. 30. 

The self induction of the line and its static capacity tend to dis- 
tort the form of the electrical wave so that the resultant sound 
wave is not identical with the original. These points, however, 
are of no importance in the present discussion and will be treated 
later. 

Although this explanation of the operation of the telephone 
is accepted by most engineers as a good working theory, it has been 
rejected by some scientists on the ground that the currents induced 
in the coil are too feeble to cause a vibration of the diaphragm as 
a whole. They contend that the induced currents in the coil cause 
a vibration among the molecules of the iron core, which in turn 
causes a vibration among the molecules of the diaphragm ; and that 
it is these molecular vibrations that cause the sonorous air vibrations 
and not the vibration of the diaphragm as a whole. In support of 
this theory Ader constructed a receiver without a membrane; and 
Antoine Bregnet replaced the thin diaphragm by one whose thick- 
ness was 14 centimeters. However, whether it be the vibrations 
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of the diaphragm as a whole, or only those of its molecules, has no 
direct bearing on the theory of operation already described. To 
show the extreme sensitiveness of the receiver, W. H. Preece made 
one respond to a current which was .000,00(),000,00(),() anijjere, 
which is equivalent to six ten thousand millionths of a milli- 
ampere. 

The stress existing between the poles of the permanent mag- 
net and the soft- iron diaphragm, will be seen to vary as the square 
of the intensity of the magnetic force. I^t the intensity of the 
permanent field be denoted by S and the amplitude of the undula- 
tions of the magnetic force by /?. Then the stress between the 
poles and diaphragm is proportional to S^ and the range of varia- 
tion of the magnetic force is equal to 2*. The magnetic force 
therefore varies from S — s at a minimum to 8+-^ at a maximum; 
and the stress varies from (S — sf to (S + n^. The range of varia- 
tion is therefore isSy which means that it is proportional to the 
product of the permanent into the undulating field. 

Now the vibrations of the diaphragm are proportional to the 
varying stress upon it, hence in order to get the best results, the 
variation in stress must be as great as j)0ssible. The above state- 
ments show that this result is obtained by making the permanent 
field very strong. A limit is reached, however, when the perma- 
nent field is made so stront; that the resultant stress causes the 
diaphragm to lose its elasticity. Secondly, when the ])ermanent 
field is greatly in excess, the variations cease to be appreciable. 
Ordinarily S is greater than s. If S=.v the magnetic force will 
vary from O to 2^^. If the magnetic field be abolished the mag- 
netic force will vary from - — .v to +.v, and the stress will vary 
from M^ through zero to s'^ again. The result will be a reduction 
of the distinctness of the articulation. 

It will be observed that the only force made use of in operat- 
ing this form of the telephone is that of the sound waves at the 
originating station. This force is very small and the resultant 
forces are therefore of a like matrnitude. It became obvious, there- 
fore, that a mechanism must be devised to make use of some greater 
force than that of the sound waves, if the telephone is to trans- 
mit speech successfully over any c()nsidera])le distance. The in- 
strument invented to perform this work is called the m!croj}/to7ie. 
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Microphone. If some iiitH-hanism coald be devised which 
wodIiJ vary tlie curn-nt in harmony with the nndnUtiouB of the 
Koiioroua waves, and thin varying current could, through the ^ency 
of an induction coil, induce a current in the coil of the receiving 
telfjihom-, the pmblem would Ix; solved. In 1877, Edison con. 
ceivwl the idea of utilizing the fact that the resistance of carbon to 
tilt! flow of tilt; electric current, depends upon the pressure; an in- 
cr<«Hi; in prt.-sHure protlucing a decrease in the electric resistance. 

The tiriit i-arlwn transmitter was constructed by Edison in 
1S77. and itn present form is that sliown in Fig. 31 in which A 
rf[)rei«-nts an i^lionite mouth piece and IJ a vibrating plate secured 
firmly to tlie frame ('. At I) is shown a disc of prepared carbon, 
aUtut the sizi! of a shilling which can be adjusted with respect'to 
the vibrating plate by nit.'anH of 
tin; Hcri-w K. Placed on the 
upjM'r hurfacf; of thi'carl«ni but- 
ton, in a small jilatinuni plate 
witli a niunded ivory bulturi. by 
nifHiJH of which tb« vibrHtions 
of tilt; plateariMtoujinunicat).^ to 
tbe carbon diHc. There aut two 

binding |K>stH MM', the lirst lie- Fig.31. 

ing insulated fnini the itjetiiiliu 

frum.- Ijy till! hanl-rublier buwliiiig N. Attached to the binding 
Jjonl jM is a metjilMi-Kpriiig S wbich bears on the |)eri|)berj of the 
insnhiti-ii ring iJ. Tlie eirc^iiit goes from M through the spring S 
to It thence to the plutiniirn jjlate through the carbon disc, to the 
Mcn-w, to ibt- frjinie iind out at the biixiiiig post W. 

It h»H iilreiidy been slated that it was necessary to make use 
of a curn-iit from a battery, the current varying in strength in 
liiirmoriy with the s<)nt>r(nis vibiiitions. to obtain :i greater amount 
of energy for tbe tranfinissioii of wound tbiin is contained in the 
oriijiiial sonorous waveri. Tlie transmitter just descnl)ed le a 
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■forms tliis work. As the sound waves im- 



linge u|iori till' diaphragm it vibrates in harinony with them caus- 
ng 11 viliratory pressure lo be exerted tbniugb the agency of the 
vory button upon the carlion disc. This vibnitory jiressnre on 
he earbon causes it to otfer a vibratory resistance to tbe pass^e 
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of a carrent of electricity; so that if the terminals of a battery are 
connected to those of the transmitter, a vibratory or pulsating 
current will flow through the circuit; and the vibrations of this 
current will be in harmony with the original sound waves. It will 
be evident that the sensitiveness of this instrument depends on tlie 
ratio existing between the variation in the current and the total 
value of the current flowing. This ratio in turn depends on the 
proportion of the resistance of the carbon disc to the total resist- 
ance in the circuit. 

To illustrate, suppose that the resistance of the carbon disc 
is 10 ohms, and the amplitude of the variation in the resistance 
is 5 ohms. Suppose also that the resistance of the circuit ex- 
clusive of the carbon disc is 5 ohms. With the transmitter in its 
normal condition the total resistance in the circuit would be 15 
ohms; and if a battery of 2 volts be used the amount of current 
flow would be -^^=.133. 

If the resistance of the carbon 
disc is now decreased to 5 ohms, 
the total resistance of the circuit 
becomes 10 ohms, and the amount 



of current flow is 



tV— -2- 



In 



other words, the current flow has 
been increased from .133 to .2 or 
50 per cent. If on the other 
hand with all other conditions 
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Fig. 32. 



remaining unchanged, the resistance of the circuit exclusive of the 
carbon disc be 100 ohms the total resistance of the circuit would 
vary between 110 and 105 ohms, and the current flow would there- 
fore vary between .0181 and .019 or 5 per cent. 

When the transmitter was first invented it was to be con- 
nected directly to the line causing the exciting current to flow to 
the other station. The resistance of the circuit was thus added to 
that of the transmitter, restricting the transmission to very short 
distances as will be seen from the above. Edison overcame this 
difficulty by including in the transmitter circuit the primary wind- 
ing of an induction coil; the secondary winding being connected 
to the line as shown in Fig. 32. The sensitiveness of the trans- 
mitter therefore became independent of the length of the line. 
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The variable cnrrent of the transmitter circait passing through 
the primary winding of the induction coil, induces in its secondary 
winding an alternating current of high tension, the alternations 
being in harrnony with the original sound vibrations. In this 
manner the transmitter can be successfully used for very long lines. 

Hughes Transmitter. In 1S78, Professor Hughes devised a 
transmitter which depended upon the variation in resistance of a 
loose contact. This instrument was tried in several forms, one of 
which is shown in Fig. 33. It consisted of a carbon pencil A 
terminating at a fK>int at each end, which rested in circular de- 
pressions in two carbon blcK'ks B B'. These blocks were fastened 
riindly to a thin board C and formed the terminals of the circuit. 




Thin instru merit is very sensitive, res[)onding to the slightest vi- 
l)rati()ii; it forms the basis of tlie transmitter of to-day. 

The Blake Transmitter. In Fitr. ;34 is shown one of the more 
n»ceiit forms of the transmitter, tliat tried by Blake. This instru- 
ment is mounted in a wooden box sliown in section at A and con- 
sists of an iron ring having two [)ro jecting ])ieees B and B'. Upon 
the n[)[>er ])rojeetion is fastened an iron angle piece C by means 
of a brass spring I). The lower end of C rests against the adjust- 
ing scrt^w E. Mounted on tlie iron ring is the diaphragm U 
which consists of a circular iron disc surrounded by a rubber ring 
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H stretclied over its periphery. It is held in position by two 
springs M and M', Fig. 35, which are fixed to the rino; A and 
press the one directly upon the rubber ring and the other upon 
the diaphragm itself. At the upper end of the angle piece C are 
fixed two springs F and G, Fig, 34. Spring F is of thin flexible 
steel and has at its free end a platinum contact. This free end 
presses against the center of the diaphragm arid the carbon disc K 
is pressed against it by means of the spring ii which is attached 
to the brass plate holding the disc, Tlie springs F and (i form 
the terminals of the circuit which paeses through the carbon disc. 
By means of the adjusting screw E the pressure of the carbon disc 
against the diaphragm can be varied. The two springs M and M' 
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are to keep the diaphragm from singing or to make it "diwi beat." 
This form of transmitter has been very Huccfusfnl in the past, but 
has been superseded by others which will t)e described. 

Berliner Transmitter. A fonn of transmitter which is of his- 
toric interest is the Berliner transmitter, shown in Fig. ;Jt). It 
consists of a wooden box A fittwl with a screw cap B. On the 
rim of A is fastened a brass ring C to which is clani]ic<l the carbon 
diaphragm D consisting of a carbon ])late which forms one elec- 
trode. The carbon block E forma the second electrode, and has 
in its lower surface three eoiieeiitric grooves. This block is held 
in positioD by the screw F, which has at its upjHsr end a micro- 
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meter nnt <i. Tbe ead of tbU screw, vhich passes throngh the 
carbon bI'Mrk, is tumtd dovn to receive a szaall rubber tnbe H 
wbrjse fulfre rests on the carbon fi^tti and thos damps the vibni- 
brationa and makes it dead beat. A ria^ of fdt O whose edge 
ffceta on the car?.on plate, snrronnds the carfj-jn Mock, thus fomiing 
a dtmA chaml^r. which is filled with carbon graDnles. A ctHq- 
drical fitiaiik I is screwed to the eorcr B and to this a moath piece 
J is attached. The advantage of this tranfiiiitter is that the dia- 
phragm is always horizontal, with the granules Ivlng above it. 
Tbe granules are thus prevented from settling down when the 
ioBtniinent is shaken. It is a very edicient tranunitter and is 
used largely in South .Vmerica. 

Hunnings Transmitter. In 
this transmitter granular carbon 
is used. Tbe receptacle contain- 
ing tbe carbon dust is held in 
a honzuntjil position. A metal 
plate insulated from the frame, 
but toncbiug tbe carbon, forms 
one of tbe electrodes, while the 
frame forms the other. Al- 
though this transmitter is very 
sensitive, it is defective on ac- 
count of the carbon granules 
packing together. In this con- 
dition the mobility of the parti- 
cles is impaired, and the trans- 
mitter rendered useless. 

Solid-Back Transmitter. 
The great disadvantage of the 
granutiir carbon transmitter is 
the U:ut\fut:y to "pack ;" by this is meant the crowding together of 
thu graniilcH into a conipiic-t mass, which greatly re<lucc8 the sensi- 
tiveneHH. In fiict, when tbe carlion becomes (wicked the transmit- 
ter in iiHelcHH. Tiiis ]iaeking can l)e readily overcomo by striking 
tbi< Hide of tile traiiHtnitter ii sliarp blow with the hand. This 
prarliee bowever cannot bo recommended, for in the hands 
of II layman it is not conducive to the longevity of the instro- 
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ment. To reduce the packing to a minimum the solid back waB 
devised. This trananiitter is shown in section in Fig. 37; it con- 
sistB of a thin hrass chamber A which is made of > -inch stock. 
Securely fastened over the opening of this chamber ia a heavier brass 
disc B having a circular opening in its center, into which is screwed 
a hard rubber mouth piece C. The diaphragm is a thin metal 
disc having its edge covered with india rubber and securely fas- 
tened to the inner surface of B by means of two springs shown at 
A and B in Fig. 3$. Tliese are identical with the springs shown 
in connection with the Blake transmitter. 

The two electrodes consisting of two finely polished carbon 
discs E and E', Fig. 37, are fastened to the inner side of a metallic 
chamber which consists of two parts. The rear part F is in the 
form of a circular cup which is firmly held, by means of a pin and 
Bet screw, to the brass bridge G, The front part consists of a 
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braes cap II H which is screwed to the front end of F. The front 
carbon E' ia securely fastened to a brass plate equipped with a 
pin which fits a hole in the center of the diaphragm, and is held 
in position by two small check nuts L L'. A ring of mica O ()' 
has its outer circumference securely held between the brass cap 
II II and the edge of F, while the inner circumference is clamped 
securely by the brass nut I. Tlie brass plate and its attached carbon 
disc are therefore insulated from the other electrode which makes con- 
tact with the framework. The chamber P is nearly filled with finely- 
powdered carbon which closes the circuit between the two plates. 
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A hard- rubber block is securely fastened to one side of the bridge 
and has a bole drilled into which is fitted a copper bushing. This 
bushing forms the contact for one side of the circuit, the terminal 
being held in position in the hole by a small set screw. To a 
small lug on this bushing is soldered a fine wire, the other end of 
which is soldered to the brass nut T. The other terminal of the 
circuit is on the frame of the transmitter. The position of this 
transmitter being normally as shown in the figure, the carbon 
granules cannot pack around the carbon plates. 

This transmitter has given the best results of any yet devised, 
and for this reason has superseded all other forms. The Bell 
Telephone Companies of America use the solid-back transmitters 
exclusively on metallic lines; w^hile on grounded circuits the 
Blake transmitter is preferred. The independent, or so-called 
opposition com[)anies, in America, use a transmitter which is 
constructed on the principles of the solid-back. 

Induction Coil. As the theory of induction coils has already 
been discussed, let us now take up the special requirements of this 
form of apparatus when used in connection with the transmitter. 
It has already been shown that the circuit carrying the transmitter 
must be so arranged that the resistance of the external portion 
will be as low as possible. On the other hand the primary wind- 
ing of the induction coil must have a sufiicient number of turns to 
produce the required magnetic field. It will be seen therefore that 
the resistance of the winding of the primary coil must be very small 
in proportion to that of the transmitter. The formula expressing 
the magnetizing effect of a coil is as follows: 11=1.26 «i/x in 
which II equals the strength of field in lines per square centi- 
meter, s the number of turns of the coil per centimeter length; m, 
the permeability of the iron core, and i the current strength in 
amperes. 

From this formula it will be seen that the greater the number 
of turns and tlie greater the current strength, the greater will be 
the strength of the resultant field. It has been shown, however, 
that the resistance of the coil is limited by that of the transmitter, 
and therefore the number of turns of the coil is limited by the 
same factor. Since the (juantity ft cannot be increased at will, the 
only way to increase H is by making i as large as possible; this is 
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done by increasing the number of cells used on the circuit. The 
value of the quantity i has its limitations inasmuch as excessively 
large currents tend to heat the carbon of the transmitter and throw 
it out of adjustment. 

By trial the following proportions have been found to give the 
best results: In the Blake transmitter the resistance of the pri- 
mary coil is 1.050 ohms and the E. M. F. used is about 3.2 volts. 
In the solid-back transmitter, which is capable of carrying a heavier 
current than the Blake, the resistance of the primary coil is cut 
down to about ^ ohm. Tlie potential used with this class of in- 
strument is usually about 4 volts. The resistance of the solid-back 
transmitter under normal conditions is about 10 ohms, but is often 
as high as 30 ohms during use. The current density passing 
through the transmitter is about .25 to .3 ampere. The mechani- 
cal construction of the induction coil depends upon the shape and 
size of the instrument in which it is to be used; this will be dis- 
cussed later. 

An account of some of the more important tests will now be 
given. The results are those of a series of tests made by the Swiss 
government on ten different induction coils; the Blake transmitter 
being taken as the standard instrument. The experiments were 
made on five working circuits ranging in length from .5 to 107.4 
kilometers in length. The induction coil used as a standard of 
comparison was of American manufacture; with the primary coil 
having a resistance of 1.05 ohms and the secondary a resistance of 
180 ohms. The dimensions of the coils tested are given in the fol- 
lowing table: 



Number 


Number 


Diam. 
of 


Resistance 


Number 


Diam. 


Resistance 


of 


of 




of 


of 




Coil. 


Convolutions 


Wire. 

m. m. 


ohms. 


Convolutions. 


Wire. 
.15 


ohms. 


1 


61 


.5 


.25 


1956 


100 


2 


62 


.5 


.25 


3191 


.15 


180 


3 


62 


.5 


.25 


4080 


.15 


250 


4 


116 


.5 


.50 


3952 


.15 


250 


5 


230 


.5 


1.00 


3865 


.15 


250 


6 


232 


.5 


1.20 


4420 


.15 


300 


7 


295 


.5 


1.50 


4278 


.15 


300 


8 


368 


.5 


2.00 


4735 


.15 


350 


9 


368 


.75 


1.17 


4735 


.30 


130.2 


10 


1350 


.5 


1000 


3950 


.15 


400 
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By means of a suitable switch any one of the above coils 
could be instantly cut into circuit at any time during the test so 
that a conij^arison could l>e made with the standard in a short 
enough time to enable the tester to retain the original impression. 
In this manner each coil was compared with the standard. The 
intensity and clearness of the standard coil is taken as one. The 
results of the ten coils are shown in the following table: 

INDUCTION COIL. 



in 
Kilometers. 1 


2 


3 


4 


5 


6 


7 


8 


9 


10 




HI 


.7 

.9 


.9 
.9 


1.5 
1.3 


1.3 
1.0 


1.5 
.9 


1.3 

.9 


l.S 
1.0 


1.7 
1.0 


.3 


Intensity 
Clearness. 


61.6 ji:j 


1.0 
1.1 


1.0 
1.3 


1.7 
1.5 


1.3 
1.2 


1.6 
.9 


1.5 
.9 


1.5 
.9 


1.6 
.9 


.3 
.5 




79.1 j ;f 


.9 
1.0 


.9 
1.0 


1.3 
1.5 


1.1 
1.3 


1.7 
1.3 


1.1 
1.1 


1.1 
1.0 


1.7 
1.4 


.3 




85.3 j ;J 


1.0 
1.3 


.9 
1.3 


1.3 
1.5 


1.3 
1.5 


1.7 
1.6 


1.5 
1.4 


1.5 
1.4 


1,6 
1.6 


.3 
.4 




107.4 j ;2 


.7 
1.0 


.6 
1.0 


1.2 
1.5 


1.0 
1.3 


1.5 
1.5 


1.6 
1.3 


1.6 
1.2 


1.7 
1.3 


.3 
.1 





In the above table there are two sets of figures for each coil, 
opposite every distance. The figures in the upper row denote the 
intensity; those in the second row, the clearness. The table shows 
that the same induction coil does not give equally good results on 
all lines. For example, coil No. 1 has an intensity of .3 on a line 
.5 kilometers lout;; while on a line 61.0 kilometers loner thisfionire 
rises to .9, almost equalling the standard. On the next longer 
line, this quality falls to .3, but rises again to .7 on the 
H5.3 kilometer line. On the longest line it again falls to .2. Coil 
No. 2 acts more uniformly in the point of clearness, being about 
ecpial to the staiulard on all but the 85. 3 kilometer line, where it 
rises "to 1.3. On the whole, coils No. 4 and No. 9 give the best 
reHults for general use, and conform in point of make up to the 
best j)raetiee of to-day. 

Complete Telephone. Thus far we have discussed only the 
two essential features of the telephone instrument — the transmitter, 
or that which converts the sonorous vibrations into electrical 
vibrations; and the receiver, or that which converts the electrical 
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vibrations back into sonorous vibrations. Jjet us now tako up the 
teleplione instrument, which makes use of these two essential 
principles, together with some auxiliary features. 

In addition to tmnsmitting speech, a complete telephone 
instrument must also be able to convey some sort of signal from 
one end of the line to the other, in order to inform the })arty at the 
distant end that attention is desired; it must also be able to 
rvccive a sic^nal thus transmitted from the distant end. In all 
cases the bell is used as a means of receiving the signal, while a 
small hand generator is used to transmit the signal to the distant 
end. The method of connecting the bell and the generator has 
given rise to two distinct classes of instruments, each possessing 
distinctive features. These two classes are called the serhfi tele- 
phone and the Irldgin// telephone. 
The method of wiring up a series 
instrument is shown in Fig. 31), in 
which the line enters at A, and 
terminates at a peculiar shaped 
switch C. This switch is so con- 
structed that it moves in a vertical 
direction and when in its upper 
position makes contact with the 
two points D and E. When de- 
jiressed, the contact with D and E 
is opened and that with F closed. 
Assuming the switch to be in the 
latter position (closed) the circuit 

passes through the contact point F to the generator and li bell coils 
K and thence through the binding ])0st A' to the other side of the 
line in the case of a metallic circuit or to ground at (t when the 
earth is used as a return. It will be seen that under these condi- 
tions the generator B and bell K are in series on the line. The 
generator 13 is equipjH»d with a shunt L which is closed when the 
generator is out of use, thereby cutting the resistance of tlie gen- 
erator armature winding out of the circuit. AVhen the luindle of 
the generator armature is revolved this shunt is automatically 
ojKjned so that the generator is ready f(jr use. 

Assume a line to be ecjuipped at either end with a telephone 
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mir^l iM pihoirn io Fi^, 3iK If :k call L* sent from the distuit end 
bjr revoWitiff tlwr armature of :Lfr g'-rc^ra&jr at chat point, the 
tAiernztiTh^ fmrr^ut tfac« prodii'n^i arriTr-i »: m»r binding poet A, 
ytumf^ thronjfh the Wl K I'hj thrr r>::trr alrva«i;. ^^howm to the post 
A' and rf^nmsi. Tiir: fj«rll i.^ tLrrrr:«jrv s*jCLndfr«i. Should the signal 
be n^nt frr^rn thi* end.the armatare of tLt g^rnerator is revolved, the 
fihnnt L fj#jing of^n*<l therehy and th^r cnrrent flows out on the 
Iin«? at A. It retiirri.-^ either ni»rtall:c or thnMigh the earth to A', 
thenc'^e through the Ixrll K to the contact F, through the switch C 
hack U} A. 

When conversation is desired the switch is moved to its upper 
position oj^ning the contact at F an*l closing those at D and E. 
Tfie circuit from A fia-sing throuj^h the switch C now follows the 
path froffi the contact D through the receiver G and the secondary 
winding V of the induction coil l^ack to A'. The circuit including 
the tranHrn liter passes from the l^atterj' J through the primary 
winding I of the induction coil to the contact E, thence through 
the Hwitifh (I to the transmitter II returning to the opposite side of 
the l^atUTy. Tlie circuit including the l>ell is open at F. Assum- 
ing that the Hwitch of the telephone at the distant end of the line 
\n niniilarly a<ljuHter|, conversation is possible. Suppose that the 
t^Oephone at this end be userl to transmit. The sonorous vibrations 
impinging on the diapliragni of the transmitter II cause a variable 
current to flow through tlie circuit in the manner described above. 
ThiH induces a current in the secondary winding V which, flowing 
out on the lifie, actuates tlie receiver at the distant end. If the 
inHtrumciut at the distant end be used to transmit, the induced 
current gen(»rat(d at that end flows over the line and actuates 
the re<'eiver at this end. 

Afi examination of tlie circuit will show that whether the 
InHtrunn^ni at this end l)e used to transmit or to receive, the induced 
curnuit paHHPH through the receiver. The same is true of the tele- 
phones at the (liHtant end. Tlu? sound ])roduced in the receiver of 
a telephone (when that telephone is used to transmit) is called a 
Mli/f fufic. Allusion will be made to this later on. Keferring to 
the Hwitch (■ it will bt» Het»n that it is to close the bell circuit and 
open tin* rrei^iver and transmitter circuits when the instrument is 
not in UH4*. Uy this means the circuit containing the transmitter 
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battery J i8 opened during this period, the current ceases to flow 
and the life of the battery is therefore prolonged. On the other 
hand, the bell and the generator are in circuit ready to receive or 
transmit a signal. It is absolutely necessary to keep the bell out 
of the talking circuit because its resistance and impedance would 
so cut down the induced current as to seriously impair the efliciency 
of transmission. This form of instrument was designed at the 
time when grounded circuits were almost universally used. It 
served its purpose admirably. Even with the advent of the metallic 
circuit it was still retained, and up to the present time is not alto- 
gether discarded. 

The three pieces of equipment that have not yet been described 
in detail are the generator, the bell and the switch. 

The Generator is show^n in Fig. 40 and consists of a perman- 
ent magnetic circuit made up of four horseshoe magnets, A, A', 
A" and A'" fastened together by the three bolts I^ B' and J]". The 
pole pieces consist of two iron castings, the edge of one of which 




Fig. 40. 

is shown at C. The armature shaft is supported on two cast-brass 
bearings which are screwed to the ends of the pole pieces, one of 
w^hich is seen at D. At the distant end the armature shaft is 
equipped with a pinion I, which meshes with a spur gear IF. This 
gear is securely fastened to a crank shaft F, which rests in two 
strut bearings, one of which is shown at Ci. The crank is shown 
at E. A prolongation of the armature shaft J makes contact with 
the spring K when the crank is not turned. This contact forms 
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one of the terminals of the shunt, tlie other terminal being perman- 
eDtly connected to the other terminal of the armature winding. 
When the crank is revolved a concealed spring draws the point J 
away from K, breakinfx thecontact. One terminal of the armatnre 
winding is insulated frum the armature shaft, while the opposite 
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terminal is ek'ctrically coimecteti to it; the return eircmt being 
made through the shaft and frame of the <xenerator. 

The constnu'tiuu of the armature is shown in Fig, 41, in 
which the armature core is shown at A. It is made up of thin sheets 
of soft iron, one of which is seen at E. The armature shaft is 
shown at li and the in^iilaleil contact that auloniatioallr closes and 
opens at 0. The enil of the armature is laiil in the slots SI and il' 
and is wound end fur end. t)ne leriniiial of the coil is electrically 
connected to the eoutaet [xiint ('. wliili- the other tenninal is con- 
nected to the sh;ift 1!. Fig. 40 sliows the end of the armature 
shaft c.irrying the pinion A. The sprinsx <" automatically makes 
and liR'aks the i>\i\mi einnit: Iht- symr irear is shown at K. 

7'/.<- Ji-". Ill a series insiru. 
inent, tin- bell is wouikI to a re- 
sistance of M> ohms. It is made 
up of a two (lole elivtro-nitiixnet 
with the armature pivntiil in tlie 
.center so tliat it vihrntes in front 
i..th- 



of the two ]ni 



TluT 



ing p 



enliaral'ont its de^-ii; 



the exet'i'tion th:it it is 
hiiisl.ynieansof a|vnnau, 
net l.lacHi aK.ve the :iruu.ture 
at a variaMe .Uslauee from 
The action of this luaiiuet is 
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away from the pole of the electro-magnet, so that it always asBUmes 
that position when the hell is not in us«. Ily adjusting the 
distance of the permanent magnet from the armatnre, the degree 
of bias can he regulated. If tliis distant-e is too ehort, the alter- 
nating field of the electro. niagiict will not be strong enough to 
overcome its pnll and the bull will not ring. The clapper of the 
bell is a small steel hall placed at the end of a steel wire, the other 
end of whieh is fastened to the eentt^r of the armatnre, so that the 
clapf)er vibrates with the armature. Two gong-Bha[>ed bells are 
placed un opposite sides of the clapper so that each stroke produces 
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a ring. In Fig. 4-3 is shown a magneto box (lesigiied to hold the 
generator, hell and switch; tlie Iicll coilw are slmwn at A A', the 
vibrating armature at U and the peniiaiieiit niiigiiet to jirodnee 
the bias at (>. This apjKiratus is mounted on (be intiido of the 
door of the box as shown. The bells proji'ct from the oiitBide. 

The ^irif.r/i D is pivoted at E. AVhen tiie instniinent is not 
in use the receiver is hnng on the hook 1), and its weight brings 
the switch down to its lowest position. I'jKin tbo receiver being 
removed, the spring (t pushes tlu' ewiteh up again; the contact 
points are shown at F. In the position shown the switch makes 
contact with the two iipjHsr points, ilic hiivcr one remaining ofH-n. 
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The Receiver. It has been said that the receiver in ase to-dav 
is practically the same as that of the original Bell telephone already 
described; but this ifl true only in general because BeversI import- 
ant improvements have been made. Receivers may be divided 
into two claBsea: ghnjle-jiole and bi-pnlur. Bi-polar receivers are 
more sensitive and are displacing the other type. One of these is 
shown in Fig. 44. It consistB of a hard-rubber shell shown at 
G y, one end of which is enlarged to support the binding posts 
D and 1)', and also to hold the screw B, which secures the permanent 
borBe-shoe magnet A made of hard steel. Fastened to the poles 
of this magnet are two soft- iron cores E E', each one surrounded 
by the exciting coil. From the two binding posts two heavy copper 
wires 0' lead to the terminals of the electro- magnetic coils I p. 
The diaphragm O is held in place by the hard-rubber cap F. 

In addition to the design of the receiver 
considerable experimenting has been done 
to determine the best materials. For tbe 
diaphragm, soft iron has been found to be 
the most suitable on account of its sns- 
ceptibility to magnet influences. As to 
size, it has been found that a diameter of 
2.4 inches gives the best results. The 
flexibility increases with the area of the 
diaphragm. But while a certain degree of 
flexibility is desirable in order that the 
whole diaphragm may be thrown into vi. 
bration, an excess will cause the free vibra- 
tions to become too marked, thereby reduc 
ing tlie'eleanieKS. To oiitaiu the greatest 
etHeieiicy, the thickness of the diaphragm 
should bo from .008 to .012 inch. It 
should l>e jwrfectly homogeneous, and se- 
^ curcly held about the rim. A thin layer 
of varnish is used to prevent the metal from . 
rusting. The inner surface of the dia 
phrngm should not make mechanical con- 
tact with the [(oU'H of the receiver; there should be an air space of 
about j'g inch in order that the vibrations may not cause the metal 
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to strike the poles. The resistance of the coils, varies between 
75 ohms and 135 ohms, and equally good results have l)een obtained 
with the one as with the other. Most receivers now in use have 
a resistance which varies between 75 and 80 ohms. 

The single pole receiver is similar to that shown in Fig. 
44. For operators, a receiver has been designed to be fastened on 
the head by a steel spring. This type is called a head receiver. 
One of these is shown in Fig. 45. It will be seen that the body 
of the receiver is flat, due to a shortening of the magnetic circuit. 
The steel spring clip is made in one piece, as shown in Fig. 45, or 
a double piece as in Fig. 46. This receiver is the same as that 
already described, and is usually of the bi-polar type. 

Let us now consider the form of the coils placed upon the pole 
pieces. The induced currents passing through these coils, which 
for convenience sake may be called the taJkiruj cvi^rents^ are very 
small in intensity, varying between .0001 to .00001 ampere; as a 
result the magnetic influences produced thereby are also very weak. 





Fig. 45. Fiff. 40. 

Therefore to make them effective, the coil windings must be 
placed as near the iron cores as possible. Only very fine silk- 
covered wire is permissible — that having a diameter of from .004 
to .006 inch. About 710 turns are used in each coil — a total of 
1,420 turns. In a single pole receiver, the 1,420 turns are wound 
on one coil. For a single-pole receiver, the 8ha])e of the coil is 
circular, while those of the bi-polar receiver are elli[)tical. 

The Bridging Teleplione. I^t A and E, Fig. 47, represent 
two telephone stations on a line. Assume both of these stations 
equipped with series bells. If now it is desired to connect an 
additional telephone to the line, the diHiculty will at once become 
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apparent. If the third station be cut in as shown at C the three 
bells will be bridged across the line. With the low resistance to 
which the series bells is wound (SO ohms) the third bell wonld 
shunt 8r> much current from the other two that they would ring 
very faintly. A more serious condition: durinir conversation 
between any two of the stations, the bell of the third one would 
still be bridc/ed across the line. The result would be that so much 
of the talking current would be shunted by the bell that conversa- 
tion would be j)OS8ible only on lines of a few hundred feet in 
length. If more telephones were added to the line, the effect 
would l>e still more marked. On a very short line it might be 
possible to operate three telephones wired in this way, but it would 
be impossible to operate a greater number. Even with the best 
conditions the results with the three telephones would be far from 
satisfactory. 
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To make the use of more than two telephones on a line possible, 
and to ovorconie the difficulties described, the hrlibjhig hell was 
invented by Mr. J. J. Oarty, Chief Encrineer of the New York 
T(?h^ph()ne (\)nij)any. The princi])lo of this bell is best explained 
by (|uotinfT from the [latent specifications, which call for a *'bell of 
hi<^h impedances, |K»nnan(sntly bridt^ed across the tele{)hone circuit." 
Tins l>ell havincrahigh iinpedancc^dues not shunt out an appreciable 
amount of current. Tlio oriti;inal bridging bell was wound to a 
resistanco of 1,000 ohms, and to-day this figure is the standard. 

Tlui number of turns on the bell coils is much greater than with 
the S(iri(ss Indls, tlien^foro the current density necessary to produce 
the ringing is much less than with the other type. Again, the 
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impedance of the bell coils is so high, compared with that of th<» 
circuit through the telephone receivers, that the amount of talking 
current shunted is inappreciable. 

The method of connecting up the telephone with the bridging 
bell is shown in Fig. 48, in which A represents the generator, 1> 
the bell coils, H the receiver, C the secondary winding of the 
induction coil, D the primary winding, E the transmitter battery, 
F the transmitter and G the hook switch. It will be seen that the 
generator A together with the bell coils B are j)ermanently bridged 
across the line. The generator armature is provided with an 
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F'lfT. 48. 

automatic switch, which leaves the armature coils on open circuit 
during the time that the generator is out of use. Upon turning 
the crank the coil is cut into circuit. The only diff entice betwec^n 
the wiring of this telephone and that with the series bell, is in the 
switch. It will be observed that with the bridtrintr bell the hook 
switch is not provided with a lower contact. The only contacts 
are those marked 1 and 2, which form the circuit for the receiver 
and the transmitter. As in the case of the telephone equipped 
with the series bell, these two contacts are oj)ened when the switch 
moves to its lowest position, and are again closed when the switch 
returns to its highest position. With this form three or more can 
be connected to a line without interfering with the transmission. 
The greatest number of telephones of this type that can l)e success- 
fully oj)erated on one line will be treated more in detail later. 
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Wbile tht i*.-senlial jiarts of a telephone remain nncbaDged. 
the iiiethiyi of assemlth* or iiiM-lianU-al constniction differs eonsid- 
eraMy in dilfcreiit lyi"-^ of th>- in.striniient. In this rep[>wt telephone 
instruments may l>e dividi-"! into four clas:ifs: The framework of 
tlie desk cabinet telephone i;^ mailc up in tlie form of a desk, so 
that the jM'rsun iisiiiir it may sit down and write, With the wall 
cabinet telephone, the sijl>7'cn)>er .elands up, but also has a surface 
to write on. Tliese two tyjtes are so constructed that a cabinet is 
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Pig. 50. 
With wall telephones 



proviik'd for tlie reecption uf tliti liattery. 
tlio tranmiiittfr, iiiiluction foil, Ijell and generator are mounted 
upon a lm«k Ixiard to fasten on the wall at any desired height. 
A small sluiir i-s usually providi-d for writing. The transmitter of 
the desk stand telephone h moutjted on a metallic ami provided 
witli tlu' Imok Hwilcli. Tliia stiiml is portable and constracted to 
set on a desk or tiiblf. Thii bo.-c containing the bell and generator 
iu usually mounted sep^irately a;< is also the induction coil. 
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In ¥\tT. 49 will be seen an illuHtration of a desk eahini-t st>t, 
ot one of the most approved types. It conBista of a desk-like 
stnicturo, ii)K»n which is monnted a caliim-t A A' eqwipjuil with a 
glass front through whieli are set-n the fieiierator 1*. tlio lieUa (' 
and the induction coil F. The awitch I) haa its hook end pro- 
jecting thronfjh a slot in the side of the cahinet; and the pivot end 
can l»e seen throuCTh the glass cover. The receiver E is Been in its 
position on the hook, and is connected (hy the Hexihle cord I) to 
two binding posts, one of which forms the line terminal, and the 
other the terminal of the secondary winding of the induction coil. 
This cord ia made up of two conductors of fine copper tinsel, thor- 
outrhly insulated liy close cotton braiding, and togetlier encloBe<l 
in a cover of heavy cotton braid. The transmitter whicli ia of the 
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Fig. 51. 

solid-back type is seen at O. It is inonnted on a supporting ami 
a which is faBtened to the top of the cabinet. The circuit from the 
primary winding of the induction coil is made through tlie flexible 
cord M, which ia constructed of very fine copper strands, insulated 
with silk and cotton winding and covered with a close heavy silk 
braiding. The transmitter ia fastened to the arm by means of a 
milled-head screw, bo that it can be adjusted to the pmjH'r height. 
The return circuit la through an insulated wire attnclied to a bind- 
ing j)03t placed on the foot of the arm. An enlarged view of the 
arm ia shown Fig. 50. The binding post is Been at A and the 
milled-head Bcr8W,for securing the transmitter, at li. Tlie tiexible 
cord ia sees at C The batteries are held in a cabinet, wliieh is 
closed by a movable duor It. 
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Tim plan of the wirinfj is sliowri in p'jg. 51. Here the lint- 
wires 1 and 2 are run to tlie hiiidin^ |)Osta A and A', A bcinp 



wirwl directly to the hindii 
to the Bwitcb S. Tlia } 
coil, and its other termi 

{ to th 

T post 



jxiint is wirwl direct 
is wirwl to the himlinj 



post li. Tlie j(ost A' is wired direetlr 

dini^ post B' is wired to the secondary 

1 to tlie contact point 5. The contact 

[iriinarvcoil, whose other terminal 

thence down to the hatteries plact^l 



in the cabinet as descriljed, from whieh the wire comes np to the 
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biiidiniT post 3. Tho flexihleconl M, 
I'ig. 4'.', runs from the post 3 to the 
Irsinsitiitter J\, tho return circuit go- 
iiijf tohindiuir post 4, wliich in turn 
h wired jiennanently to the switch S. 
Tlie receiver U shown at (', and the 
receiver c.nl at D. The hell coils I 
are bridged across the line at A and 
A'. The generator E is bridged 
across the bell coils. AH jjermanent 
wiring iri done with No. 19 B & S 
gauge nilil)er-covered wire laid in 
cliannels. . 
wall-cahiiiet type consists of the same 
cswnlial features as thedewk-cabiiu-t set. The induction coil, gen- 
erator, liell and switch are itionntcd in tlie cabinet which has a 
glass frimt. ITie transmitter arm is of tlicKunie tyi>e, but shorter 
than that used on tlio deHk-cahiriet sets. The battery cabinet is 
made in three compartment!?, one above the other, each one large 
enough to hold one Fuller battery. 

in l-'ig. 52 is shown a wall set. It consists of a back board 
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AA apon which are monnted the magneto-bell box B, and the 
transmitter C with its supporting arm. The bottom third of the 
back board is flared out to accommodate the battery box D. This 
box is desif;ned to hold three l^^lancbe batteries, "When Fnller 
batteries are used, a separate bat- 
tery box is provided which is placed 
on the flour. In the instrumeut 
shown, the induction coil is mount- 
ed in the magneto box; the trans- 
mitter arm being merely a sup- 
port. In Fig. 53 is shown a trans- | 
mitter arm which has a metallic < 
receptacle A for the induction coil. 
Both styles of arms are pivoted at 
B for the adjustment of the height. 
Fig. 5-1 shows a modification 
of the wall set in which the battery 
box is 60 designed that the eells 
may be placed one above the other. 
The back board can then be made 
narrower thus saving wall apace. 
The magneto-generator box is 
shown in Fig. 43. Fig. 53 shows 
a slightly modified form which is 
used by the Bell companies for 
series telephones. The hook switch 
A is pivoted at B and its heel is 
efjuippedwith a platinum point C, 
which, when the switch is in the 
upward jMtsition, makes a contact 
with two springs, one of which is. 
seen at D. Beneath the heel of 
the switch is a hard.rul)ber block E which presses against the two 
springs and breaks the contact when the switch is depressed. 
Beneath the switch is a spring F which presses the hook upward 
when the receiver is removed. Fastened to the under side o£ the 
switch is a small hard-rubber block G which insulates the spring 
when the switch is at its highest point. Just in front of G is a 
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wedge-shaped projectioD II baring a platinnm point which nukea 
contact with F when the switch is at the lowest position, thus 
closing the bell circuit. At the end of the crank shaft opposite 
the crank will i>e eeea a small pin I, which, when resting against 
J, closes the ehnnt on the armature. Upon revolving the crank. 
this point is automaticallv drawn away from J thus opening the 
circuit. At the top of the box are three binding posts marked L 
P and L. The two marked L being for the line wires while P is 
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connected to ground, when the inf^lrniuent is used on a grounded 
ciR'uit. At the bottom of the bo\ are three pairs of posts, two 
marked T fur tlio receiver cords; two marked B for the primary 
ein-uit and two marked M for the secondary. The wiring is the 
Hiiinc as for tlie series bell. From the switch A projects a german- 
silver strip S to whieh is soldered all ])eniiftnent connections. 

In Fig. 5t> is shown the form of bridging bell used by the 
Ui'll coiiijijinies. It is made up in the same form as the series 
bell. It will ]••■ observed however that the spring under theswitch 
alwuys niiikos luetallie eoulnet. Since there is no connection on 
this spring there is no iiwei^sity for im^ulatiiig it from the switch. 
The pin at tho end of the crank shaft remains normally separated 
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from its contact, being autcniatically closed an tlie crank is turned. 
Tbe bell coils on this bell are longer tbiin tliyse eliown in Fig. 53. 
This is for the accommodation of tht; extra wire. Of tlie six 
binding posts on the bottom of the box, two (marked 11) are 
for the receiver cords; one marked P for tht* primary coil; one 
marked B for the battery; and two marked S for tho swondary 
eoil. Both of thyso magneto boxes are designed for wall sets where 
the induction coil is in the transmitt<.>r arm. 
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Fig. 56. 

In Fig. 57 is shown one of the tyj>es of dewk-stand setp. The 
transmitter is supported on a metallic sliunk A provided with a 
heavy base B. The shank is hollow and the hook switch passes 
through a slot, making all connections inside. Tho receiver cord 
ie shown at J), and makes connections inside of the base. AVith 
this style a separate magueto box is used, which may or may not 
contain the induction coil. 

The plan of wiring is shown in Fig. 58 where R and S denote 
the terminals of the primary and secondary winding of tho induc- 
tion coil respectively; the post tx^tween them being dead and used 
as & connector only. One side of tho transmitter circnitis wired 
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to tilt! switch l>y means of a flexiljle oord; connection to the other 
side Wing mado through tlie frame and the contact 1. The receiver 
cirt-iiit is comjiletifl through the flexible cord A to the contact 2. 
In other respects the eireitit la tlie same as that already described 
for a bridging hell. This tj-pe of telephone is used with either a 
bridging or series hell. 

t>])eei!il designs are sometimes made to meet requirements. 
One of these is shown in Fig. Git, It is of the wall type, and the 
Ijell. induction ciiil.generatorand accessories are placed in a cabinet, 
on the diior of which is mounted the transmitter arm. The trsns- 




mill.T eurrent Ih furnislii-d Iiy two dry cells. This is a vt-rj-coni. 
piiet iUid eoiivrnieiit form of iiistniruent. 

Relative Meritsof Transmitter Batteries. Itmust )>e remem- 
iHTed that the microphone, consisting of the transmitter, battery 
and induction coil, de]ii'rnl8 for its oper;iti()ri upon the tlnctuation 
of the current flow in tho circuit. For its o[H;ration, this fluctu- 
ation must Ih' in hiinniiuy with the Kiiiorous vibrations. Since 
iiiiy thieliialioii of Ibe eurreiit prodnees an iiiiluced current on the 
line, and therefore a eorres|(oiiding sonorous vibration at the 
r(!ceiving end, it is iibsoliitely necessary for the proper working of 
this u])[Miratiis that the iluetiiations be proiluced solely by the 
change in rei^istance of the tnuismitter. In other wonls, the 
battery must give an absolutely constant current and all connectioua 
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on the circuit must be perfect. Therefore, a cell adapted for a 
transmitter circuit must give constant E. M. F. In tliis respect 
the Gravity, Fuller, Leclanche, Edison -Lalande, and the two types 
of the dry cell already described are equal when in good condition. 
The Gravity battery is the least likely to produce fluctuations 
in the E. M. F, by getting out of order. If the zinc, however, is 




allowed to become very dirty from creeping-aalt dejiosit, a fluctua- 
tion of the E. M. F. is produce<l, which renders conversation over 
very long lines impossible. There are no cases recorded where 
this effect has been noticed with batteries having oil on the surface. 
Impurities in the zinc tend rather to retard the creation of 
zinc sulphate, and therefore lower the E. M. ¥. of the cell. The 
principle source of trouble with this ty]>e of cell is the collection 
of dirt on the zinc element, which interferes with the creation of 
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zinc sulphate, thereby reducing the E. M. F. of the cell. The 
zinc should, therefore, be kept cleant 

With the Fuller cell, care must be taken to preserve the amal- 
gamation. To do this a little mercury is placed in the bottom of 
the porous cup, so that it can always be in contact with the zinc. 
Should the supply of zinc amalgam give out, severe local action 
would be set up by the contact of the chromate of potash solution 
and such impurities as iron and other metals. This local action 
would set up varying E. M. F.'s which would be in opposition to 
that of the cell. When the zinc is placed in the porous cup, care 
should l>e taken not to bend the copper wire at the edge of the 
battery cover. If this is done the zinc cannot feed down as it 
becomes used. The wire should be allowed to extend straight out 
three or four inches before being bent over. This type of cell 
becomes exhausted quicker than the Gravity battery, and ordinarily 
about five renewals a year are required. The zincs must be replaced 
about two or three times a year. 

In the Leclanche battery, the zinc is placed in contact with the 
active electrolyte, but it is purer than that used in the two cells 
already described. The zinc is amalgamated when first introduced. 
As it becomes eaten away, zinc sulphate crystals form, with the 
result that unless replaced by new, a loud hissing will result. 

Dry cells are used only on very short lines, and under these con- 
ditions, give fairly good results. The Edison-Laland battery is very 
seldom used on the transmitter circuit, being reserved for operating 
signals and other purposes to be described later. 

To sum up, the (iravity battery is best adapted where the 
cost of maintenance and renewal is high. They are used on the 
operators' transmitter circuit in country and suburban exchanges. 
For the proper E. M. F. three cells are connected in series. The 
Fuller battery is best adapted for intermittent work at points near 
the supplies. Two cells in series are sufficient for ordinary use. 
The r^eclanche battery is used on the transmitter circuit of sub- 
scriber tele])hones in thinly populated districts, where the cost of 
renewal is high, and the number of long distance connections small. 
Three cells in series are commonly used. On long distance lines 
three cells of the Fuller battery are commonly used on the sub- 
scril>er8' telephones. 
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PART II. 



TELEPHONE LINES. 

The fundamental principles upon which the telephone works 
having been grasped, and the development of the complete tele- 
phone traced to its culnimating point, it now lx»comes necessary 
to take up the subject of the nature of the line or circuit over 
which the talking current is transmitted, from the orisjjinating to 
the receiving end. Before the subject of lino eonstniction is 
taken up, however, it will be necessary to become familiar with 





Fig. 60. 

the nature of the work required of the line, together with its dis- 
position and arrangement, in order that the proper connections 
may be made in the quickest and most economical manner. 

Telephone lines must not only be so constructed mechani- 
cally and electrically as to carry properly the talking current, but 
also be so distributed as to afford, at a minimum expense of mate- 
rial and labor, access to all points to which access is desired. 
The work of arranging lines with the object mentioned above is 
called distribution* and is based upon the following principles : 

The simplest method of distribution that can be conceived is 
that in which two telephones are connected together by a line 
either grounded or metallic, as shown in Figs. 60 and 61. In Fig. 
60, a and b represent two telephones connected by the line c, the 
return circuit being made through the ground between the points 
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d and <\ In Fig. 01, a and h again represent two telephones ; hut 
hero they mv, ronncctecl hy a niettillic circuit c, Tlie rehitive 
merits of the grounded and the metallic circuits will In? discussed 
later. 



1 






1 


o 




o 



Pig. 61. 

With the arrangements shown in Figs. 60 and 61, evidently 
comnmnicalion can be established only between the two points a 
and f>, uitlier in one direction or in the other. If it be desired to 
i«tablLsh coniniuniuation with a third point, u third telephone may 
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!)(» bridged upon tlie line as shown at (f in Fig. 62. In this case, 
conmiunicalion can be established bctw(?en a and ft, a and d, or b 
and d. If a fourth point is to be bn)nght into communication, 
this can be done as shown in Fig. G*), wluMe e represents the addi- 
tional telephone bridged on the line at this point. If the new 







points of comnuinication lie beyond a or />, the line can be ex- 
tended ac(*ordingly and the additional telephone bridged on as 
before. 

It is evident that the flexibility (»f this system is limited by 
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the greatest number of telephones that can ha bridged on it line 
without cutting down the talking current to such an extent as to 
render transmissioo unsatisfactory, or the ringing current to such 
an extent as to render the amount of signaling current that 
passes through each bell insufficient to ring it. Besides these two 
considerations, there is an additional one — namely, tlie fact that 
a signal cannot be sent from any one station to any other with- 
out it being received at the remaining stations. Nor can conver- 
sation be carried on between any two stjitions without the 
possibility of it being overheard at the otiiers, or without pre- 



o 



fig. 64 

eluding the possibility of independent conversation being carried 
on between any of the others. It will be obvious timt if eacli of 
the telephones be connected to a separate Hne, and if these lines 
be run to a common point at which is placed suitable apparatus 
for their connection together in any desired order, the above- 
mentioned difficulties will be overcome. In Fig. 64 is shown such 
an arrangement, where the four telephones a, b, c, and d are con- 
nected respectively to the lines 1, 2, 3, and 4, which lines run to 
the common point e. By means of suitable apparatus placed at «, 
the circuit 1 can be connected to circuit 2, 3, or 4, and communi- 
cation thus established for a with either b, e, or d aa desired. 
Similar connections can be made for 6, c, and d. 

So far as the problems of transmission are concerned, the 
number of telephones that can be connected to the conimon point 
e is unlimited ; nor would the problems of line construction have 



64 



TELEPHONY 



any bearing on the subject. The point to which these lines are 
run is called an exchange or central office. An employee must 
be placed in the exchange to make the connections required ; and 
in order to attract the attention of this person, each line is 
equipped with a signal so designed as to be operated automati- 
cally by the generator at the telephone. 

The lines above described are called subscriber or sub-station 
lines from the fact that they connect the subscriber telephones to 
the exchange. By some telephone engineers the subscriber tele- 
phones are called sub-stations* whence the additional title. 
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Fig. 65. 



There are limitations to the number of sub8cril)er telephones that 
cjui advantageously be connected to one and the same exchange, 
and among tliese limitations one of the most important is the cost 
of the line construction. To illustrate this point, in Fig. 65 let a 
and h be two towns situated in proximity to each other, and 
suppose tliat telephone communication is first established in tlie 
town a. After a while the inhabitants in town b desire to have 
communication. If only three or four people in the latter town 
desire service, it will probably be most economical to connect 
them by direct lines to the exchange in a. As the number of 
subscribers increases, however, a time will arrive when it will be 
most advantageous to establish an exchange in b and connect to it 
all the subscriber telephones in this town. Then, to afford means 
of establishing coinmunieation between the two towns, a numbe* 
of lines will be built between the two exchanges. 

The point at which it becomes most economical to open a 
new exchange in tlie town b will depend on the following factors: 
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Assuming the quality of line construction to be standard, the 
number of telephones that could be most economically operated 
through the exchange at a would vary inversely as the distance 
between the two towns. It would vary directly with the cost of 
establishing and maintaining an exchange at 6, which would itself 
depend on the cost of rent and the operator s salary. It would 
be influenced also by the number of communications established 
between the two towns. 

In Fig. 66 the numbers 1, 2, 3, etc. represent the subscriber 
stations in each of the towns, while the two lines e and e' represent 
the two circuits joining the exchanges. The lines that so connect 
the two exchanges are called trunk lines. When a toll rate is 
charged for communicating over these trunk lines, they are called 
toll lines. In large cities, where the cost of line construction is 
high, it is advantageous to have several exchanges connected by 
trunk lines as shown in Fig. 65. 

It will be obvious that each subscriber line may be connected 
to as many telephones as it will carry under the limitations of 
transmission and signaling described above. Such an arrange- 
ment would be obtained by extending the line c. Fig. 63, to the 
exchange. In practice this is constantly done. Exclusive of toll 
lines, trunk lines never terminate in more than two stations, one 
at each end. Toll lines, on the other hand, are sometimes con- 
nected to three or more stations. 

In the most advanced practice 
the location of the business and its 
probable growth are determined be- 
forehand as accurately as possible, 
and the distribution of subscriber 
lines is made from these data. In this 
way the work of subscriber-line con- 
struction can be pushed in advance 
of daily needs. The largest com- 
panies plan subscriber-line require- 
ments for two or three years in 
advance of actual needs. Under these 

conditions the subscriber lines are built to predetermined 
points of distribution. The idea will be better understood 
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by reference to Fig. fiG, where a represents an exclmnge situated 
in a krge town or city. Let 1, 2, 3, 4, and 5 repi-euent centers 
of distribution, that is, iioiuts about which the subscriber tele- 
phones cluster. To handle this business prop«ily, lines, whose 
number would depend upon 
the number of subscribers, 
would be run out to these 
points as shown. To pro- 
vide for cases in which 
more than one telephone 
is connected to a circuit, 
some of the lines are 
equipped with branches as 
shown at 6, c, d, etc, in the 
figure. These branches are 
made in two ways. Either 
a certain number of wires 
are turned aside at the 
branching point, or the re- 
quired number of wires are 
bridged off t)ie lines at 
that point. This is illns- 
trated in Fig. 67, where 
the figures 1 to 11 repre- 
sent metallic lines emerg- 
ing from an exchange. At 
the point a the lines S to 
ll are turned aside and 
proceed to the point 6. 
This is a split branch. At 
the point c tlie lines 1 
to 4 are bridged to lines 
This is a bridging 
point of distribu- 
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Fig 67. 



of the same number and proceed to 

bmnch. The lines 1 to 7 proceed to the n 

tion e. The points h and d are branch points of distribution. 

Should it be required to connect ii subscriber telephone at d to the 

same line a.s is already connected to a telephone at e, this could 

readily be done by conncitiug the two telephones to one of the liaes 
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1 to 4. Should it be required to connect a subscriber telephone at 
h to the same line as that carrying a telephone at e or <£, the bridge 
would have to be made at the central olUce. This is sometimes ad- 
vantageous. The centers of distribution, whether main or branch, 
should be so located that the distiince from any one of them to the 
most remote subscriber telephone is not over 300 feet. In most 
cases this can be accomplished. This condition enables a subscriber 
telephone to l)e connected to the exchange by merely running from 
it a line to the distribution point. Such a line can be run in from 
J-hour to two hours' time, and can be readily removed at small cost 
should occasion require. This line is called the bridle or drop line. 
Looked at from the stiindpoint of distribution, therefore, telephone 
lines are divided into two classes : Subscriber lines and Trunk 
lines. Each partakes of distinctive features to be described later. 

LINE CONSTRUCTION. 

The subject of distribution having been understood, it is now 
time to consider the methods adapted for line construction and to 
describe fully the nature of the materials required in this work. 
Looked at from the standpoint of construction, telephone lines may 
be divided into two classes: Open-wire lines and Cable lines. 
Open-wire lines are those in which each wire is run independently 
of its neighbors, and insulated from them by sufficient airspace. 
The wires are tied to glass insulators which are placed on wooden 
pins set in holes on a wooden cross-arm. This cross-arm is fastened 
to a pole set in the ground, and at a sufficient lieight not to obstruct 
traffic. Cable lines are those in which the wires, each insulated by 
a suitable covering, are twisted together in cable form and securely 
bound. The cable may be covered with a layer of tape saturated 
with tar, or may be encased in a lead pipe. Both classes have spe- 
cial spheres of usefulness and are of- equal imj^ortance. The open- 
wire line is used almost exclusively in country districts, and to a 
large extent in suburban districts. It is also used in small cities 
and, in a few instances, in large cities. 

The cable line has the advantage of being capable of use for 
either overhead or underground work. In Fig. OS is shown the top 
of a pole equipped with two cross-arms, each accommodating ten 
pins. The pole is shown at ^/, and the two cross-arms at b and c. 
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The cross-arms tire fastened to tlie pole by means of bolts whicli 
pass thiougli the pole, being secure! by nuts resting on washei-s as 
shown at/ and /\ The cross-arm is held rigid by two cross-arm 
braces, as e and (7, which are secured to the cross-arm by two car- 
riage bolts, as f/ and f/\ and to the pole by a drive-screw, as A. The 
spacing of the cross-arms is 2 feet and that of the pins 12 inches, 
rpon these pins are placed glass insulators, as shown att and/. 
The insulatora are constructed with a semicircular depression 
as shown, which is for the reception and securing of the wire. 



a/' 6/ 8 




Fig. 68. 

For use in climbing the pole, steps are driven on opposite sides, 
as shown at tn and n. The cross-arm bolts with their washers, the 
cross-arm braces, tlie carriage bolts, the drive-screws, the pole 
steps, the pins, and the insulators are referred to as pole fittings, 
and will be discussed under that heading in this book. 

The Pole. This is the most imi)ortant feature of the open- 
wire lines, and since it has lo bear the load of the wires under all 
conditions it is essential that the wood used be selected with the 
utmost care. In America the following woods are used for this 



purposii : 



Norway pine lasts 6 years. 

Chestnut " tO years. 

Cyiiress " 12 years. 

White cedar ** 10 years. 
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In former days white cedar was the favorite wood among tele- 
phone engineers on accoant of its combination of strength and 
lightness. Chestnut, however, on account of its durability and 
toughness, is coming to replace cedar; and the Bell companii»s, 
in building new lines or rebuilding old ones, use this wooil alnuxst 
exclusively. Juniper is also coming into favor, being used exten- 
sively in the South. Although not quite so strong as chestnut, it 
gives veiy good results. 

Everybody is familiar with tlie annual rings exhibited by a 
cross-section of a tree when sawed through. These are caused by 
the difference in the rate of growth of the tree in spring and in 
autumn. In spring, when the ground is soft and the leaves fully 
developed, the rate of growth is quicker than in the fall, when the 
conditions are the reverse. As a result the wood grown in the 
earlier season is less dense than that formed under more adverae 
conditions. The annual rings consist therefore of nothing more 
than layers of porous spring wood alternating with layers of dense 
fall wood. Trees planted in barren soil grow less rapidly than 
those in more fertile foil, and for the reason explained above con- 
tain a greater percentage of dense wood. They are what is tech- 
nically known as "slow growth" timber and are the best suited 
for telephone poles. 

Whatever kind of wood is selected, it should have the follow- 
ing qualities: It should be live and green, reasonably straight, 
well proportioned from butt to top, and free from loose knots, and 
should have the hard knots trimmed close. The pole sliould be 
squared at both ends. The size of pole required will depend on 
the number of wires to be carried and on the height of the ()l>- 
stacles, if any, to be overcome. The shortest pole, however, 
should be of suflBcient height to have the lowest wire at least 20 
feet above the ground. 

The size of the diameter of the pole will depend upon its 
height, for the higher the pole the greater the load it will have to 
support and therefore the greater will be the strength required. 
Attempts have been made to figure out the required shape and 
size that a pole must have to be of the most economical volume to 
support the required load. Results, however, have shown thai if 
a pole has the ordinary taper, all that is required is to specify that 
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it shall have a circumference of 22 inches at the top, or be about 
7 inches in diameter. The diameter at the butt will then be of 
the proper dimensions no matter what the height of the pole may 
be. The following table gives the requisite dimensions of cedar, 
cliestnut, and juniper poles for pole lengths ranging from 30 to 90 



feet : 



TABLE I. 

Pole Dimensions. 

CEDAR POLES. 



Length. 
30 feet. 


ClRCQMPBBENCB 


CiRCUMFERBNCB H PBBT PROM 


AT Top. 


Butt not less than 


22 inches. 


36 inches. 


35 ** 


22 ** 


88 ** 


40 '* 


22 *• 


43 ** 


45 ** 


22 ** 


47 " 


50 " 


22 " 


60 ** 




CHESTNUT POLES. 


30 feet. 


22 inches. 


36 inches. 


35 " 


22 *« 


40 ** 


40 »♦ 


22 •» 


43 ** 


45 " 


22 " 


47 •* 


50 *' 


22 ** 


50 " 


55 »' 


22 '' 


53 ** 


00 ♦' 


22 *' 


56 •» 


05 " 


22 " 


59 ** 


70 " 


22 *' 


62 *» 


75 '' 


22 '' 


05 •» 


80 «' 


22 " 


00 *' 


85 " 


22 " 


72 " 


90 '* 


22 " 

JUNIPER 


75 " 




POLES. 


30 feet. 


22 inches. 


37 inches. 


35 " 


22 •* 


40 '' 


40 '* 


22 ' 


44 " 


45 - 


22 " 


48 ♦* 


50 ♦* 


22 «* 


52 



The following table gives the weight of cedar and Norway 
pine poles for lengths between 25 and 85 feet. The diameter at 
the top for the cedar poles is approximately 7 inches, varying 
between 5 and 7 inches. For tlie Norway pine poles the diameter 
of the pole at the top is 7 inches in every case. 
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TABLE II. 

Pole Weights. 

CEDAR POLES. 



Lbngth. 


DiAMBTBB AT 

Top. 


Wbight. 


25 feet. 


5 inches. 


200 pounds. 


25 •• 


6 ** 


275 «* 


30 •• 


6 ** 


825 *» 


80 *' 


7 »» 


460 '* 


35 *« 


6 '« 


600 '* 


35 «« 


7 *• 


600 «' 


40 " 


6 ** 


700 •« 


40 »* 


7 ** 


800 »• 


45 »• 


6 •« 


050 •• 


45 ** 


7 •* 


1,100 *• 


60 " 


6 " 


1,250 *• 


60 *• 


7 ** 


1,450 ** 


65 ** 


6 ** 


1,500 •« 


65 ** 


7 " 


1,800 " 



NORWAY PINE POLES. 



40 feet. 


7 inches. 


1,100 


46 ** 




1,200 


60 »» 




1,350 


55 *• 




1,500 


60 " 




1,700 


66 ** 




2.000 


70 •* 




2,400 


76 '* 




2,800 


80 »» 




3,400 


85 ** 




3,800 



It 
It 
It 
It 
II 
11 
<l 
II 
t ( 



In Fig. 69 is shown a standard pole for any required length. 
The top is cut into a wedge shape with an angle of 90° between 
the two sides. This is called " framing," and is done to throw oflf 
water. At a, a\ a", etc., are shown rectangular depressions called 
gains. The center of the first gain is 10 inches below the top of 
the pole, and the succeeding gains are 24 inches apart. These 
gains are cut in a vertical line down one side of the pole, with 
their faces at right angles to the direction of the wires. The 
frame at the top of the pole has its edge parallel to the direction 
of the wires. The gains are cut 4| or 4| inches broad and 1^ inches 
deep. They are for the reception of the cross-arms. 

Many attempts have been made witli more or less success, to 
treat poles artificially so as to protect them against the action of 
the weather. One method is to expel the sap, and fill the pores 
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with creosote, or dead oil of tar. The results have been only 
measurably successful, as the creosote, though adding to the life 
of the pole, reduces its strength. The general pmctice is to paint 
the pole thoroughly after it has been placed. The frame and the 
gains are treated to three coats of the best white lead. 



5" "A' 



OJ 



(VJ 



£3- 



a' 



01 



(VI 



-EI 
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90' The point at which the pole is most liable to 

decay is at the surface of the ground. This is 
because at this point the action of the dampness 
in the ground and in the air is greatest. Various 
methods have been devised for protecting poles at 
this point, such as coating with tiir and the like, 
but the general practice today is to depend 
altogether on paint. Poles should be cut about 
one year before tliey are to be used, and should 
be peeled of bark as soon as possible after they 
are cut. Square and hexagonal poles are some- 
times used, but only in extraordinary cases,' such 
as when passing through a town where the inhabit- 
ants are paiticular about appearances. They are 
usually creosoted tliougli sometimes painted. Poles 
occasionally have hollow hearts, by which tenn is 
- Q meant the condition where a pole has decayed at 

its axis. This condition is very hard and some- 
times impossible to detect, but on the other hand 
does not materially weaken the pole until it has 
progressed very far. 
^^^^"^^^^ The Cross-Arm. The cross-arm is next in 

Fig. 69. importance to the pole, and the utmost care should 

be taken in the selection of tlie material for its construction, and 
in the propel^ design. Three kinds of wood are used in tlie con- 
struction of cross-arms : Norway pine, cypress, and yellow pine. 
The same dimensions are used with all three. Cross-arms made 
out of Norway pine and cypress are painted, but when yellow pine 
is used they are usually creosoted. 

The pro(^ess of creosoting is as follows: The timber is sub- 
jected to either live or superheated steam for from 3 to 6 boui-s, 
depending on the condition of the timber. Tlie temperature of 
the timber must not exceed 250"* Fahrenheit. The steam is then 
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withdrawn, and the timber placed in a vacuum of 26 inches until 
the water and sap have been removed. Tlie chamber containing 
the timber is next filled with the dead oil of tar at a temperature 
of not less than 120° F nor more than 250° F, and pressure is 
applied until the requisite amount of oil has been forced into the 
timber. 
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Fig. 70. 

Cross-arms are of two sizes. The Standard cross-arm, for 
general use, is shown in Fig. 70. The Terminal cross-arm, for 
use, as its name indicates, at terminal points, is shown in Fig. 71. 
Whatever the kind of wood used, it should be thoroughly seasoned, 
straight-grained, and free from injurious shakes or unsound knots. 
Referring to Fig. 70 the elevation of the cross-arm is shown above, 
while the plan is shown below. The length over all is 10 feet. 
The top is arched, as will be seen in the end view at d, to throw off 
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Fig. 71. 

water. A space 9 inches long in the center of the arm is flattenc'd 
as shown at c. This is done to prevent the water running into tlio 
gain. The pin holes are shown both in plan and in elevation at </, 
a', a", etc. They are l^^j^ inches iu diameter and are si)aced 1 2 
inches on centers. The center of the end pin is 4 inches from the 
end of the arm. The distance between the two pins nearest the 
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pole is 16 inches. Looking at the elevation it will be seen that 
there are tliree holes bored through the axis of the arm. One, 
shown at b\ is | inch in diameter and is in the center of the arm. 
The other two, shown at b and b'\ are | inch in diameter and are 
spaced 18] inches on each side of the center hole. The center 
hole is for the reception of the cross-arm bolt, while the other two 
are U) r(»ceive the carriage bolts for fastening the cross-arm braces. 
The cross-sectional dimensions of the arm are 4 inches high by 3J 
inches wide, the height to the top of the arch being 4 J inches. 

The terminal cross-arm is shown in Fig. 71, the upper view 
being the elevation, while the lower one is the plan. It will be 
seen that the length over all is 8 ft., or two feet shorter than in case 
of the standard cross-arm. The cross-sectional dimensions are 
larger than those of the standard arm, being 3| inches wide by 4J 
inches high, with a height of 4.] inches to the top of the arch. 
The spacing of the pin holes is 9 inches as against 12 inches for 
the standard arm. Three holes, shown at ft, b\ b'\ are bored through 
the axis, having the same dimensions and the same location as 
those already shown in the standard arm. The terminal cross-arm 
is made heavier than the other, for the rciison that it is used on the 
pole wluTe the line terminates, and has therefore to bear a gi-eater 
strain tlian I lit* arms used at other pohits of the line. In shape 
and method of construction, the terminal cross-arm is the same as 
the standard. 'V\w pinholes are \\l inches in diameter, for the 
accommodation of a larger-sized pin than those used on the stand- 
ard arm. 

Pins, Pinsnscdin telephone work are made almost exclu- 
sively of locust. Orange wood is used somewhat throughout the 
South and makes a very good phi, but with this exception locust 
is universally used. Pins are of two classes : Standard pins and 
Transposition pins. Both of these classes of pins are made in 
two sizes, one to fit th(* holes on a standard cross-arm, and the other 
to fit those on a UMiuiual cross-arm. In Fig. 72 is shown a stand- 
ard pin, that marked A being for a terminal cross-arm, while that 
marked \\ is for a standard cross-arm, the difference between the 
two lying solely in the girth dimensions. The upper part of the 
pin, for a distance of 2 J inches from the top, is threaded for 
the recei)tion of the glass insulator. Below the threaded por- 
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tion 19 a taper^haped bood e. which terminates in aa overhang 
shown at e. The pitrt below this is in the form of a conical-shaped 
^h^tnbj with its greatest diameter above and its Bmiillest below. 
The shank d or ^ is introduced 
into the hole on the cross>irm, 
and ni ikes a binding (it when 
the overhang e touches the top 
of the arm. This overhang is 
designed to throw ofif water and 
prevent its running down into 
the hole. To hold it securely 
to the arm a tt-npeniiv nail is 
driven through the side of the 
croa-i-arm and the pin. 

A tninsposition pin tor a 
standard ami a terminal crosa- 
ann is sh"WQ in Fig. 73. It 
Fig- T2- will be olfjiened that the main 

difference lietwcen the transjMisition pins and the stiindiud pins lies 
in the fact that the tlireaded portion is longer in the former than 
in the latter. The sLindard pin r'"^ r"*""*! 

ia threaded to a point 2j inches 
from the toj>, while the tninspo- 
sition pin is thre-ided to a [>oiiit 
Z\ inches from the top. The 
extra amount of threaded sur- 
face on the transposition pin is 
for the accommodation of the 
transposition insulator, to be 
shown directly. The diameter 
of the threaded portion of the 
pins, whether transposition or 
standard, and whether used on a 
standard or on a terminal cross- 
arm, is only one inch, the object 
being to obviate the necessity of 
having two sizes of insulators. The strain on a pin comes on the 
section just below the overhang or hood, so that there is no necessity 
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of increasing the diameter of the threaded porUon on the pins used 
on » terminal cross-arm. 

Insulators. With the exception of that portion of the line 
known aa the drop line or bridle wire, the material used in America 
in making insulators is glass. In Europe, porcelain is used more 
extensively. Porcelain has aome adviintages over glass as a 
material for making insulators, and on the other hand, glass jMSSfSses 
some advantages over porcelain. Porcelain, when new, has an 

^ 2 , insulition i-esistance about 5 or 6 times 

gi-eater than that of glass. However, in 
citicb or near factories or railroads, the 
iiisul itors soon become coated with a thin 
film of dust, so that the insulating {wwers 
of the two materials soon become equal. 
Porcelain is more expensive than glfias, and 
Its glazed surface soon becomes cracked 
under the influence of cold, thus allowing 
rain to soak into the interior portion and 
greatly reduce the insulating power. Porce- 
lain is more durable than glass and less likely to succumb to 
meclmnic:il injury. It is alst> less hydroscopic; that is to say, it 
does not so readily condense the moisture in the air into a thin 
film on its surface. Glass, however, pcissesses one peculiar a<lvan- 
tage over porcelain, which in America it is not well to overlook. 
Cocoons and spider wl-1»s are nuii'h less likely to form on ghiss 
insuhitoi's than on porcelain because glass is transparent and does 
not offer llic sliade tliat seems to he desired liy worms and spiders 
for tliis work. Tlie fact tliat glass is clieaper than iK)rcehiin and 
offei-s quite as good a ivsistauce under every-day working conditioas 
has caused engineers to adopt it generally for open-wire line 
construction. 

Various forms of glass insulators have been put on the market 
from time to time, eacli possessing advantages; l>ut after much 
experience thi^ form shown in Fi^. 74 has been found to be tlie 
Iwst suited for general use. It is made as light as possible consis- 
tent with strength and durability, and is of such a shape as to 
secure the wire properly ami, in addition, offer the greatest insula- 
tion resistiince. In shape it is like a thick inverted cup, with a 
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heavy bottom a. T\w bottoin is liored out mid threaded as slionii 
at b, to rcceivti the tliivads on the pin. Around the su\ve is a 
semicircuhir depression >■ <,■', which is designed to receive the wire. 
The side of the cup d <i', calki! the " petticoat," is brought down a 
good distance to offer jis long a piith an possible over the surface 
of the glass to the pin. When screwed on the pin, the hood occu- 
pies the greater fwrtion of tlie .sjiace e, so that the current, in 
order to reach the ground, must pass down the outside of the 

glass, around the edge, and up on ^ g^ ^ 

the inner side to the pin. In- 
sulation resistance like any other 
resistance increases with the length 
of the path tmversed. Hence the 
necessity of bringing the sides of 
the insulator as far down as 
possible. The sides of the insula- 
tor also form a shield for the pin, 
and protect it from rain. The 
princi[ial dimensions are given in 
the diagrnm. 

In Fig. 75 is shown the moat 
generally adopted form of trans- 
position insulator. It consists in 
substance of two glasses, one above 
the other, each one being of the 
same general design illustrated in Fig. 74. The lower glass b is 
screwetl on the pin first, a hole in its top allowing it to descend 
to the bottom of the thread. The upper one is then screwed into 
place. The upper one should be so designed that when screwed 
tight a space of gij inch will exist between its lower surface and the 
upper surf:tce of the lower ghtss. By this means tlie surface path 
to ground is broken and the insulation resistance increased. 
Transposition glasses are sometimes made in one piece, but they 
fail in so far as they do not possess this feature. 

Pole Fittings. — Cross- Arm Bolts. As has already been said, 
the cross-arm is fastened to the pole by means of a cross-arm bolt. 
In Fig. 76 Ls showji a sbMidiiid cross-arm bolt. It is an iron •• '' 
made of |-iiich stock and cut with a stiuidiii-d tlireiid to a u 
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inches from oim end. It is made in fxvo, sizes of tlie following 
lengths : lU-iiicli, l^it-tiK^h, 14-incli, Ift-incli, and 16-inch, to be used 
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according to the size of tlie pole. The head of the bolt is 1 inch 
square and ,] incli thick, and the nut ts | inch thick and 1 inch 
square. It is thorouglily galvanized, including the thread. In 
Fig. 77 is shown an iron waiher 2] inches by 2J inches and of 
■jSj-inch st-ick thoroughly galvanized. Through its center is a hole 
a" of ^-int-h diameter. Two of these washers 
~i7*" are used with each bolt, one to go under 
the head and the other under the nut. 

Cross-Arm Braces. In Fig. 78 is 
shown a cro.ss-arni brace. It is made out 
of iron or low carbon steel thoroughly 
giilvanized, 28 inches long, 1 J inches wide, 
and J inih thick. One inch from each 
end is a bole, that at one end being ^| incli in diameter for 
the reception of tlie fetter drive-screw which holds it to the pole, 
and tlie other Ji* irnh in diameter for the reception of tlie carnage 
bolt which secures it to the cio,^s-arin. 

Carriage Bolts. In Fig. 79 is slmwn a carriage bolt. It is 
made in two sizes, one 4 inchea long for use on standard arms, and 
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the other 4J inches long for use on terminal arms. One end is 
threaded to a length of 1 J inches for the accommodation of a nut. 
In connection with this bolt are used two ir^n washers of the type 
shown in Fig. 80: they are 1 ^ inches in diameter and J inch thick, 
with a half-inch hole in Uie center. liotli carriage bolt and washers 
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It is made of 



^re thoroughly ^Ivanized. One washer is pUiced under the Ixilt- 
^iead, and the other under the nut. 

Fetter Drive-Screws. In Fig. 81 is shown a fetter drive- 

8(Mvw. It is made of low car- 
bon steel thoroughly galvanized, 
and threaded to a point about 
3 inches from the end. The 
end is pointed so that it may be 
riven into the wood with a hammer. These screws are used to 
fasten the cross-arm bnices to the pole. 

Pole Steps. In Fig. 82 is shown a pole step, 
'thoroughly galvanized iron or low carbon steel 
10 inches long and of |-inch stock. One end 
is turned up as shown at a, to prevent the 
foot fi*om slipping ojff «is the pole is ascended 
or descended. The other end is cut with a 
fetter thread for a distance of about 3 inches, 
and tlie end is pointed so that it may be driven 
into the pole. 

Under the liead of pole fittings comes a lot of apparatus that 
will be described now, but wliose method of use will be touched 

on later. In this lot are the fol- 
lowing articles : guy rods, thimbles 
rock eye-bolts, and guy clamps. 
These articles are used in strength- 
ening a pole line against excessive 
strains. 
Quy Rods. In Fig. 83 will be seen a standard guy rod. It is 
made of |-inch iron thoroughly galvanized, and has one end threaded 
for a distance of 3 inches. The opposite end is bent into the form 
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Fig. 82. 

of an " eye " and welded at a. The length over all is 8 feet. In 
practice this rod is used to secure guy wires to the ground. 

Thimbles. A standard thimble is of the shape and dimen- 
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sioiis given in Fig. 84. It is made of malleable iron thoroughly gal 
vanized. Its use will be explained later. 

Rock Eye-Bolts. In Fig. 85 is sho\vn a standard rock ey^ 
bolt. It is made of a bar of | inch wrought iron thoroughly gal 




Fig. 83. 

vanizcMl, and bent double so as to form an eye at a. The length 
when formed is 24 inches. Its use will be explained later. 

Guy Clamps. The standard guy clamp, used in securingguy 
wire, is shown in Fig. 80. It consists of two pieces of malleable 




Fig. 84. 

iron thoroughly galvanized, and held together by three bolts. The 
adjacent surfaces of tlicso two pieces are cut, each with two pecu- 
liarly sha[)ed grooves, shown in section at a />, a' //,and in plan atrf 
and (\ Each one of these grooves is taprrod. The two grooves on one 
piece taper in opposite directions. When the two pieces are placed 
togetliei', each groove tapers in th(* opposite direction to that one 
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directlv over it. In tliis Wiiv, when the h »lts are ti^liiene^l, a l»i»nl. 
ingstniin is phieed ujK»n tlie guy wire, holding it lirnily. The de- 
tail of the lx»lt and nut is shi»wn in Fig. 8t»(i. The rlanip assenibleil 
is shown in Fig. 80^. 

Layini^ ihiI the Line. Befi»re constructing a pole line the 
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Fig. 85. 

first work is to determine the most feasible route to be followed. 
In doing this a great many factors have to be taken into consider- 
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ation. In general the shortest route should \ye selected. In doing 
this, however, the nature of the ground should not he overlooked. 
Very hanl, rocky ground is to be avoided owing to the amount of 
blasting and hard work it entails in digging the holes. On the 
other hand very soft earth, sucli as niarsli or swampy ground, 
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should be avoided on iiccount of the cost and delay in building 
artificial foundations, and also on account of the liability of the 
poles to settle and full in spite of the best of foundations. The 
best soil for a pole line is either sharp sand, or loamy or clayey soil, 
on account of the ease in digging and the firmness with which it 
can be packed down when the pole is set. 

There is another factor, however, which is far more potent in 
deciding the course of a pole line, and it is one which does not lend 
itself to any mathematical solution, Tliat is the right ol way. 
Before a pole line can be built on a road or public thoroughfare, 
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Fig. 86 a. Fig. 86 6. 

the consent of the property owners along the road must be obtained 
or a franchise from the town or city must be had. In the major- 
ity of cases, particularly in small towns and in the country, both 
must be obtained. The right of way should also include the right 
to trim any and all trees that may protrude their branches through 
tlie line. Tiie route to be selected is tlie best one according to the 
above considerations alung which a right of way can be obtained. 
The route having been selected, the next work is to lay ofE 
distances of 130 feet ami drive a stake in the ground at the end of 
each distance. Suppose that the problem is to hiy out a pole line 
along tlie road shown in Fig. 87, in which the road, more or less 
crooked, is represented as crossing a river a. Suppose that the 
x-marks with their accompanying numbers indicate the {wsitioo of 
the stakes. Fii-st of all, the curb line must be well defined, or else 
a aeries of offsets must Ije taken from the building line to have 
the poles properly located, just inside of the curb line. Except in 
a few isolated cases the curb line is well enough defined for all 
practical purposes, Suppoaing this to be the case, the start is 
made atpole No. 1, presimtably just outside of the office. A dis- 
tance of l.tO feet is measured off and at its extremity a second 
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Stake is driven for pole Xo. 2. This prvt^s i< ei»iitiiuieil uiii:l ilie 
river is reached. 

In approaching the stream great care ^LuulJ be iake:i lo note 
the condition of the bank. 
If the bank be low and 
marshy the last pole should 
not be plactfd very near 
the water. If, however, 
the bank is hio^h and finiK 
the last pole may be placed 
as near the edge as i>ossiblt'. 
In approaching the river 
bank, pole tJ hap[)ens to be 
so locate<l that the sjkace 
between it and pole 8 is 
greater than 130 feet. 
Rather than have an extra 
long span at this point, an 
additional pole is placed at 
X 7, midway between x (5 
and X 8. This arrange- 
ment helps to support pole 
6, which support is probably 
needed in view of an extra 
long span across the river. 
When the river is very 
wide, say from 250 to 400 
feet, and is shallow in addi- 
tion, a pole is sometimes 
placed in the center if there is no navigation to In? interfered with. 
Single spans of more than 250 feet across a stream are not per- 
missible, except with special construction to \)c described later. 
Where the river is deep enougli for navigation, it is best to use a 
cable of special construction laid on or under the Ivottom. This 
[>oint will be dwelt on below. 

In the straight reach between poles 8 and 16 care should ho 
taken to locate the intennediate poles in line. This can Ih» done 
by having a third man stationed at x !♦) to sight back towards 
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X 10 and keep in line the tntennediate stakes. Wherever a sharp 
turn occurs, as at pole 29, the pole should be placed at the point 
of turning ; where the turn is less abrupt, as between x 16 and 
X 22, this jmictice is not necessary. Between x 33 and x 34 it 
will be seen that the line crosses from one side of the road to the 
other. This is often necessary, where it is impossible to secure a 
continuous right of way on one side of the road. This crossing 
ovei* is sometimes done, also, to avoid trees or other obstructions. 
A crossing should always be made at an angle of 45° with the 
line of the road. 

When the line is built beside a railroad track, the poles 
should be set at a distiince of at least 12 feet from the rail. If 
there should be a clear space between the top of the rail and the 
lowest cross-arm of 22 feet or more, the poles may be set at a dis- 
tance of not less than 7 feet from the rail. 

In cities, poles should be set at the corners of intersecting 
streets so as to admit of guying. At road crossings the lowest 
cross-arm should be at least 18 feet above the crown of the road. 
No electric light or power wires should ever be placed above a 
telephone line, as in case of breakage they would fall across the 
latter and do serious damage. By placing them beneath the tele- 
phone lines this danger is avoided, and the only wa}^ in which the 
telephone lines can become entangled with the high-tension cir- 
cuit is by themselves breaking. No power or trolley wire should 
ever be nearer than G feet to the nearest telephone wire. 

Before going into the method of setting poles, a word should 
be said upon the subject of placing cross-firms and guying. On 
straight runs, cross-arms arc placed on alternate sides of the pole 
as shown in Fig. 88. Starting with pole No. 1, the cross-arm is 
placed on the side of the pole opposite to the direction of the line. 
At pole 2, the cross-arm is placed on the opposite side. At pole 
3 the position is again reversed, so that the cross-arm on this pole 
and on pole 2 are placed on adjacent sides. This process is con- 
tinued for straiglit runs. On long curves the cross-arms are 
placed on the side of the pole facing the middle point of the 
curve as sliown at 6, 7, 8, 9 and 10, the middle point lying 
between pol(\s 7 and 8. At pole 10 a straight run begins again, 
and the cross-arm is iilaced on the side opposite the direction of 
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the run. At crossings, as between poles 11 and 12, the cross-arms 
are placed on the sides facing the crossing. The point to be 
aimed at in placing a cross-arm is to have the pole interposed 
between the cross-arm and the point from which the strain comes. 
On a straight run the pull comes from both ends, 
so that the cross-arms must be placed on alternate 
sides. As soon as the line begins to curve, however, 
the curved portion, from the fact th*it it changes its 
direction at every point, ceiuses to be effective in pull- 
ing against the straight section, so that the strain at 
the curve is toward the straight secti(m. As a re- 
sult tlie cross-arm must be placed on the side of the 
pole facing the middle point of the curve. 

In addition to supporting the weight of the wires, 
the pole must also withstand the horizontal strains, 
and when these become excessive it must be rein- 
forced or strengthened. This reinforcing is called 
guyinj^. The principle of guying will be touclied 
on here. If a curve is situated at the end of a straight 
run, as between poles 5 and 10, the tendency of the 
strain on the wires is to pull the poles on the curve 
towards the center of the curve. A veiy simple 
experiment will prove this fact. Set up three or four 
pins on the arc of a circle. Rigidly fasten one 
end of a string and draw it around the i)ins, 
bringing the end out straight. Griisp the end 
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Fig. 88. 



and pull. The string tends to assume a straight path between 
the point where it is rigidly held and the hand, and in so doing it 
will drag the pins over towards the center of the arc. To over- 
come this effect the poles on a curve, as 6, 7, 8, 9 and 10 in Fig. 
88, are fastened by means of stout wire rope to anchor logs 



95 



86 



TELEPHONY 



shown at a\ a!\ a'", a"" and 6. These anchor logs are short 
poles planted firmly in the ground. Pole 5 at the end of the 
straight run is guyed to tlie anchor log A to prevent its being 
pulled in the direction of the line. Pole 10 being at the begin- 
ning of a straight run is guyed to the anchor log B, and, being 
the last pole on the curves is also guyed to the anchor log 
h. At the crossing pole 12 is guyed to c, and pole 11 to d. A 
head guy is one i)la(:cd so as to resist the pull towards pole 1. 
A back guy is one so [)laced as to resist a pull in the opposite 
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direction, as at the beginning of long spans. Thus in Fig. 87 
pole 7 and possibly pole 8 would be back-guyed to resist the 
pull of the span across the river. A side guy is one so placed as 
to resist a pull in a direction at right angles to the direction of 
the line. Thus in Fig. 88 the guys on poles 6, 7, 8 and 9 are 
side guys. 

In passing through hilly country care should be taken to 
keep the tops of tlio poles ;is nearly level as pt)ssible, which is 
aceonii)lislied by phieing the longest poles in the lowest places, 
and the shortest ones ni tlie highest places. An exaggerated 
example of this condition is shown in Fig. 89, where the figui-es 
1, 2, 3, 4, etc., indicate poles placed in hilly ground. The tension 
on thii wires at the lowest pole a tends to lift them up in the air 
and might under severe condilions pull the wires loose from their 
fastenings. This effect is uvereonie by the arrangement shown in 
Fig. 90, in which the poles increase in length iis the hill is de- 
scended, tin* wires themselves being run in a very nearly horizon- 
tal direction. Under these condilions the poles should be so 
spaced that the lowest point of the hollow comes in the middle of 
a span. 

In building a [)ole line through a very hilly country a profile 
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map of the country should be made or should be obtained from the 
township authorities. A map that will suit the purpose can be 
made by the use of a little superficial knowledge of land survey- 
ing. All that is necessary in the way of apparatus is a surveyor's 
theodolite and a leveling pole. They are used in the following 
way: The theodolite is set up midway between stake No. 1 and 
stiike No. 2, and an assistant stations himself at the former witli 
the leveling pole. The leveling pole is sighted and the point of 
intersection marked. The pole is ' then set up at stake 2 and 




Fig. 90. 

again sighted through the theodolite, the point of intersection 
being again marked. The distance on the pole between these two 
points gives the difference in level between stake 1 and stake 2. 
This process should be repeated for all stakes lying within this 
territory. Tlie poles to be set are then graded in length to meet 
the requirements. It is not necessary, and it would be impossible 
in some localities, to maintain the tops of the poles at a constant 
level; but sudden and very marked changes in level should be 
avoided. 

Setting and Equippin^^ Poles. The line having been laid 
out and the stakes driven, the next piece of work Ls to dig the 
holes. The method of so doing de[)ends upon the nature of tlio 
ground. Where the ground is rocky, blasting must be resorted 
to. If the line has been properly laid out, however, this 
should very seldom be the cixse. Blasting is usually done 
with a hand drill and a small charge of dynamite. The tools used 
in digging are shown in Figs. 91, 92, and 93. In Fig. 93 is shown 
a combined crow and digging bar, one end of which, 6, is sharpened 
for digging up the earth, and the other end, a, is broadened out for 
tamping down the earth as it is being filled in around the pole. In 
digging, the earth is first loosened up with the sharp end of the 
bar, and when this has been done sufficiently it is excavated by 
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The bole sltonld be of tfae same di»nieier at the bottom a^ it 
is »t the top. Where the ground is very soft it U neceasM'y to 

coostract an artiliouU fouiidatioD for _ . 

the pole to rest iu. TliU k done ui one 
of three ways which are equally go<id, 
and which are illustnited in Fii:^. 94. 
9o, and 9^. In the nit^tliod shown in 
Fig. i*i the hole is dug with a dianieter 
of 3 feet. The butt of tht- p.ile is 
equipiied with a platform nvMlt^ of two 
pieces of planking 33 inches h>ng. Iti 
inehes broad, and 2 inches thick, pliced 
at right angles, and nailed to the I>ottom 
of the r>oIe. The arrangement is shown 
at a in tfae figure. The bottom of the 
hole is coTered to a depth of 1 2 inclies 
with a mixture consisting of 1 part 
cement, 2 parts sand, and 5 [Kiits stone. 
When the pole is set, the phitform rests 
on this foundation, and nibble consist- 
ing of the above mixture is filled in 
aroiud it to within G inches of the top 
of the hole. Earth Li tlieu shoveled in 
and packed down hard. 

The second method, shown in Fig. 
95, consists in fastening to the pule at & 
point 2 inehoa above the surface of tlie 
ground, two yellow pine phiiiks 10 feet 
long, 8 inches wide, ami 2 inches thick. 
They are placed i>:u-;illet, and fi<s(eiied 
to the [)ole by means of a cross-arm Ixilt. 
From the ends of these two planks four 
others are brouglit up to the pole in 
the manner shown. They are fusti'iu'd 
above and below by cross-arm tmlts. To 
the bottom of the liorizonlid planks are 

nailed 8 others, 4 on e;nli sitle of tlic pole. ;i fwt lonj,', 10 int-lics 
broai.!, and 2 niches thick, niuking a pkitfonn fur the iiole to ivst 
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lux^r.. Bv :!:* imr^.zi»ei: "lir Tvlr "s k.':«4- braced acninst lateral 
s:::i:uiL T'r- :^ j.:.- -.*:.. c >!■■ -n. _:_ F^. M is besi adapted to 
saii.iY >;;!, vr.lr :i.i: sc.-r-. -.:. F:^. re is r>:ne suited to muddy 
or ixi3.r>':.v ^: *=:.: 
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^-e'«"v-k scbemt: is shown 
-ji F^ iri» ::: vhi..:! :wo c]ie<inut 
>:1t< I> i:>/:.es in diameter at 
: -e :.: .:-: >:mk ia:o the earth. 
.'-z :.! riui siile of the main 
•• It. " ::i :r.rir cer-tcrs about 5 
Tt-.; - :l.1.c> from itii center. 
Tv. >-_:i/i :y 2-inch phmks, 
>' ''Z. .: .:• Arv fjistened to tlie 
:.;;< .•: ::.-r :w> avixiliair p«iles, 
?^.L.^ .u^"* fisic-r.rd to the mahi 
!• It. T'r ::;r:;:hi i •races also 
.i:v :.s:-::rd to the auxiliary 
: •: T>. A> in :be previous figure. 
•. 1.. k< ■' :—: l:!:j. > inches wide, 
.i::.: . •:..' -.< tLi^^k arv nailfd to 
: - ■• :: :u :o make a platform. 
T..-. l r..,-:S are tisteiietl to the 
:-.u".u :.:..i Auxiliary poles by 
-.,:.> :\*i?>s-.i:m Ui'Ita. At i 
:> >h Au :::-. :v-e:h^^ of cutting 
•- .:: :! e : : s of the auxiliary 
: ^ .-:> : • > - vo t:.e brac^rs. 

T -. !.o! s h.ivini: lieen «lug. 

:•■ • ■ \: ^:t:i is to erect the 

: *.- -. r'-sr siiould be dis- 

:r • .::- 1 a'. :.j :i.t riirhl of wav, 

i\.^ i :::s :•::!_' {'Liceil at the 

; . ■ ' I '. < . Wl. V : V [ •■ ■>< i bl e, the |>olf s 

s'i. '.M l.e \\\:h the top at a 

j/r*';i»'-; ••.*:v;ir.i'iri t'r.:ir* r!.*- Ji:i:t. f'.r it— :<:..iii.. - in ra:>ing. When 

j,'ii'4 ',{ *iAh:n:.,l i'::;;(r.:., ;iii: ii^r: i. ii;vy sh v.M in- pivjierlv dis- 

tnlf'jt'-'j ;f!',f,;/ ffi«: t\'/'\ii *.f '.v.!'.. B.-fniv ihtr j^.-e is raised it 

■iil'i ii*: r/iO/«-'l -•.'/ a-j Vf \iA\i: the butt resting on the edge of 
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the hole. For handling the poles properly a cant hook, shown , 
in Fig. 97, is used. It consists of a heavy ash handle a, to which 
is fastened a wrought-iron spur ^, pivoted at c. In using this 
tool the pole is caught l)et\veen the side of the handle, <?, and 
the spur, after which, by moving the handle upward, the pole is 

a 
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rolled over. The tongs shown in Fig. 98 are of wrought iron 
fastened to a heavy ash handle. 

When the pole has l)een properly placed, it is seized at the 
top by the gang of linemen, usually from 5 to 8 men, and raised. 
One man shown at a, Fig. 99, stands at the hole, and seizing the 
pole in his arms directs the motion of the butt into the hole. The 
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tools used in pole r:iisiiig arc: a pike, shown in Fig. 100, and a 
dead man, shown in Fig. 101. Pik<'s arc made in lengths of from 
8 to 14 feet, an<l consist of an ash pole </, Fig. 100, about 2 inches 
in diameter, sunoundcd at one end by a w rough t-irpn ring h. Into 
one end is driven a steel spike o. The dead man is made of a 
heavy ash pole </, Fig. 101, with a U-shajmd wrought-iron prong h 
at one end, equipped with a spur in tlie center, shown at c. This 
implement is used to lioM the pole in position from time to time as 
it is being laiscd. This is being held by the man at h in Fig. 99. 
As soon as the top of the [)()le is raised high enough to permit of it, 
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four lineinen thrust into it the steel .spiii-s of Uieir pikes hiiiI arc 
thus enabled to raise it higliej- still. Ah tlie polo is iiiiaoil iiuiirer 
and nearer to the perpeiidieiiliir, the longer pikt^s come into play, 
until, when the pole has been elevated to an angle of about 50", 
the butt slides into the hole. The pike-) are then used to adjust it 




Fig. 99. 



to a perfectly vertical position. This having been done, the earth 
is gradually filled in around the pole, being tamped down in the 
meanwhile by two men using the end a (Fig. 93) of tlieirtiimping 
bars. Great care should be taken to pauk the earth firmly as it is 
lieing put in, and to this end only one shovel in allowed to be used 
during the process. When the hole has been filled, the suqilus 
earth is piled up around the pole in the form of a mound. 

In regard to the rate at which polea can be set by the average 
gang of linemen, it may be said that this is governed by the num- 
ber of holes that can be dug. Under ordinary conditions about 8 
or 10 holes are all that one man can dig in one day. Where blast- 
ing has to be resorted to, the r.ite is much lower. It rarely goes 
above this. Eight or ten poles set is a good day's work for the 
average gang. 

The poles having been aet, the next step is to set the cross- 
arms. For this purpose a lineman is sent up the pole, with a block 
which he fastens at the top. A stout Manila lope is then ro> 
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through the block, and the cross-arm, being fastened to one end of 
it, is hoisted to the top of the pole by tlie men on the ground. 
The top cross-arm is always set first, the one just beneath it next. 
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and so on. The reason for this arrangement is that poles 
are not always equipped at once with their full capacity of 
cross-arms, and frequently, after a line has been put into 
working order, additional cross-arms have to be placed. 
If the first cross-arms were placed in the bottom gains, not 
only would the additional ones have to be carried over the 
working wires, but the new wires, while being strung, 
would be sure to hang down and to cause trouble on those 
already in place. All this is avoided by beginning at the 
top. 

The cross-arm having been hauled up within reach 
of the lineman, it is then seized, the rope is removed, and 
the arm is placed in [)osition in the top gain, being secured 
by a cross-arm bolt driven first through the pole and then 
through the cross-arm. The two cross-arm 
braces are then fastened to the cross-arm by 
means of two carriage bolts, which pass first 
through the cross-arm and then through the 
brace. Tlie opposite ends of the braces are 
then brought together and fastened to the 
pole ])y means of a fetter drive-screw. If 
more than one arm is to be placed, the suc- 
ceeding ones are hoisted into position and 
secured in the manner already described. On 
terminal poles, on corner poles, and at the beginning 
and end of long spans, back braces are used on the 
cross-arms. The method of their attachment is 
shown in Fig. 102, where the back braces are shown 
at a and a'. They are fastened to the side of both 
cross-arm and pole opposite that to which the regular 
brace is fastened. When this work is finished, the 
poles are ready for the feception of the wire. But 
before a description of the method of stringing wires is given, it 
will be necessary to say something about the nature of the 
material used for wire. 
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TELEPHONB WIRES. 

Three kinds of mateiial have been used in the manufacture 
wire for telephone use — namely, iron, steel, and copper. In 
the early days, learning their lesson from the telegraph men, tele- 
i;jhone engineers built their lines of iron wire, and it proved prac- 
tsicable for the short distances then in vo<:rne. Steel wire was 
next selected on account of its greater tensile strength. With 



"the advent of metallic circuits, nnnqn/^nnfifffl 



liowever, it was found that if 
'the telephone was to be suc- 
cessful for transmission over 
long distances, some better 
cjonductor than iron must be 
selected. Before discussing 
at any great length the most 
suitable metal to use in 
line construction, it will be 
necessary for us to understand 
thoroughly the conducting 
properties of the various 
metals used in the mechanic 
arts. 

The measure adopted 
for determining the relative 
merits of different substances 
as conductors of electricity, 




Fig. 102. 



is called Specific Resistance, which is the resistance between the 
two opposite faces of a centimeter cube of the substance at a tem- 
pemture of 0° Centigrade. Table IV gives the resistances of 
various metallic substances in microhms, or millionths of an ohm. 
The Specific Condiktivity of a substance is the reciprocal of 
its specific resistance. Substances are compared as to their con- 
ducting qualities by what is called percentage of conductivity. 
This is the ratio of the specific conductivity of the substance to 
that of some standard substance. As a 'tisual thing pure copper 
is chosen as the standard substance, and the percentage of its con- 
ductivity is taken to be 100. The percentage of conductivity of 
a wire is the ratio that its conductivity bears to that of a pure 
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TABLE IV. 

Kelativc Specific Resistaaces of Ilctals. 



MkTAL. 


K».-:*-T- 


Mktal 


Kkkist- 




1 .504 




▲XCB. 

1 


Silvirr. aniioaled 


Iron, annealed 


9.716 


0>i#]»fr. 


1 .f/f-^ 


Nickel, •• 


12.470 


, Silvi.T, hanl-<Jrawn 


1.6:{4 


Tin, pressed 


13.210 


Cuppei, *• 


l.*i:U 


Lead. " 


19.630 


Gold, annealed 


2.a'>S 


German silver 


20.930 


i Gold, hard-drawn 


2.094 


.\ntimony, |»re&8ed 


35.500 


Aluminum, annealed 


2.1*12 


Mercury 


94.320 


Zinc, pressed 


5.t»2»i 


Bismuth, pressed 


131.200 


I'latinum. annealed 


9.aj7 







copp**r wire at the same temperature having the same area of 
cross-Bcctio!! Hii'l the siime length. In telephone practice it is 
usually Hpecified that a conductor shall have a conductivity equal 
to 9S per cent of that of pure copper. The measure used for 
d^iUfrmiiiin^ the diameter of a wire is called the mil, and its mag- 
nitude is J f^Jj^^ inch. The unit of cross-sectional area of a con- 
ductor is tin* circular mil, whii.li means the area of cross-section 
of a wire whose diameter is one mil. This forms a more conven- 
'\*uii mi'asuiv than the sipiare inch, since the area bears a very 
•^impi*! n'lationto the diameter. The area of a circle in square 
measure is ecpial to 
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in wlii<h /• is the radius r)f the circle, and d its diameter. li d he 

TT if- 

^•xpn'ssrd in inches, the area - will be in square inches. It d 

4 

l)e I'Xpn'sscd in mils, the area ' .-^vill he in square mils. Since d 



is e(|ual to 1, then 1 circular mil is equal to -— mil, and 1 square 
mil is (*qnal to circular mils. Therefore the area of a 

TT 

circle; in (jircuhir mils will he ctpial to the area of that circle in 
s«|uan' mils mnltipruMl hy ihc number of circular mils hi one 
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square mil. Thus, if a circle Imve a diameter 7 mils, its area in 
cireiiliir mils will be 

A = ""7 X - -= '/-, 

4 IT 

which means that the area of a circle expressed in circular mils 
eqiiLils tiie square of the diameter in mils. While the circular mil 
is the measure of the cross-si^ctional area of a wire, and forma the 
basis for liguring out the safe current-carrying capacity, wire is in 
practice bought and sold according to arbitrary gauges adopted by 
various manufacturers. 

In America the Brown & Sharpe gauge is used almost uni- 
vei'sally, and was originated by the manufacturers of that name in 
Providence, R. I. In this system the gauge number diminishes 
as the diameter of the wire increases. The rule according to 
which the change is made is a very simple one. If any gauge 
numljer be taken as a basis of comparison, then by adding 3 to 
the gauge number there is obtained the number of a wire whose 
area is about one-half that of the original. For example, one 
No. 3 wire will have the same cross-sectional area as two No. 6 
wires; and one No. 5 wire will have the same area as two No. 8 
or four No. 11 wires. Again, by subtracting 3 from any gauge 
number, a wire is obtained whose area is about twice that of the 
original ; thus a No. 1 wire has al)out twice the area of a No. 4. 

The following course of reasoning deduced from the above- 
mentioned facts, will enable the student to determine the factor 
by which the area of a wire of any gauge number must be multi- 
plied or divided in order to obtain the area of the next larger or 
smaller wire. If the areas of any two consecutive sizes of wire 
were in the ratio of 2 or 2J, tlu* factors wliich would be used to 
detennine the an^a of a wire three sizes larger or smaller would be 
2 or ^ because the given area would have to be multiplied either 
by 2 three times or by \ three times. In other words, the factor 
to be used in determining the area of the next consecutive size to 
the given one, would be the cube root of that used to determine 
the area of a wire three sizes removed. Now, since this latter 
factor has been shown to be 2, it follows that the factor necessary 
to determine the area of the next consecutive size is 

1/2 or i / which eciuals 1.26 or _ . 
V " ^' ,7 2, ^ 1.26 
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F -r rx tzn-'.-z, if iLe ar?:* of a X .•. •*• B: •wa ik Skirpe gaage wire 
-•' :-r i.'*.iU> ' .::''..1*T n.-* *.Lr a:-^ %.*i a X**. o wire would be 
io.i-^v X l-i.^ = >--p..'T5 :.::-*l-*r aiil-: and in like -maDner the 



iPrSk >f ^ X . 7 w.rr TTiili t*r il6,iio*J X ?-p3 = 20,834 circular 



-1 



AsTAin. «iioe the rauo of ihe resistances of two wires varies 
laveri-r.v as the r^tlo of il'i-ir Arej.>, it follows that the s;ime two 

m 

i.v:i*jT:i ciTi l-r u^rri lo detrrrmirie :\e ra:io of t?ie resistances of any 
f.vo wLiv?s wh :?^e ^-aiire ::uai:>rr is kr.o.viu if the resistance of one 
•jf tht-m is ir-vrii. Thus, if the resis: -.nee of a f«x)t length of No. 
10 B. ik S. LTiUiTe eoi'p^ET wir«f be .OOl ohm, the resistance of a 
Xo. 11 B. a: S. gau^e ..opper wire will be .001 X 1.26 = .00126 
ohm. T'ti^ other wire iTiUjes are the Washbuni A: Mf>en Munu* 
faetiirin;; C'-'/s gawg*f, the G. W. Prentiss gsiuge, the British 
Standard irauge (abbreviiited, S. W. G.), the Birmingham or 
Stiil>s wire crauge (abbreviated B. \V. G.), the Trenton Iron 
Companv's iTivige, and the 01 1 Ea-jlish gauge. A table of these 
*r- lucres will be criven di recti v. 

Copper as a Conductor. fl*^ference to the table of relative 
specific resistanet-s given aUtve w!ll sliow tliat silver is the only 
nu'tal wliose specific resistance is less thin that of copper. Silver, 
however, on account of its cost, is excluded from the metals 
suited for telephone purposes. In looking farther down the list 
it will be seen that iron is the onlv (Uher metal that from a com- 
niereial standpoint is suited for the manufacture. But the spe- 
cific resistance of iron as comjiared with copper is as G to 1, which 
means that of two wires of the same length, one iron and the 
other copper, the former would have to possess 6 times the area 
of the latter to have the same conductivity. As a result, if iron 
wire were iLsed in telephone line construction, it would have 
to h^ of 8uch large diameter to compete successfully with copper 
in point of transmissiim, as to render the problems of line construc- 
tion V(»ry much more difficult than they now are, and to add very 
materially to the cost of building. 

(yopper, when exposed to the air, forms on its surface an 
oxide which is not soluble in water and which therefore presents a 
l.roliTtingshiehl against further corrosion of the metal. The oxide 
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of iron, on tlie other hand, is readily soluble in water, and therefore 
fresh surfaces of the iron ai-e always presented to the atmosphere. For 
this reason iron exposed to the weather is soon rusted away. The 
njqnisite size of an iron wire, moreover, would preclude its use in 
cables. Copper has therefore come to supplant iron in line con- 
struction, and is now universally used by the leading companies. 
Pure annealed copper has a specific gravity of 8.89 at60°F. One 
cubic inch weiglis 0.32 lb. and tlie melting point of the metal is 
aliout 2,100°F. Annealed C()[)per does not possess sufficient ten- 
sile strength to make it practicable for wire. Tlie process of hard- 
drawing it, however, has overcome this difficulty, and copi)er wire 
used in line construction is manufactured in this way. Dr. Mat- 
thiessen made a determination showing that a piece of soft copper 
wire, one foot long and liaving a diameter of I mil, has a resistance 
of 9.012 legal ohms at a temperature of 0° Centigiade. Tables 
V and VI, which are bitsed on Matthiessen\s standard, give the 
resistances and weights of all sizes of wire according to the H. & 
S. and the B. W. G. gauges respectively. 

In line construction the following sizes of wire are used : 

For trunk and subscriber Unes not over 50 miles in length — No. 12. 
N. B. S. 6. hard-drawn copper. 

For long-distance lines, 500 to 1,000 miles or over — No. 8 B. W. G. 
hard-drawn copper. 

For subscriber lines not over 3 or 4 miles in length — No. 14 B. tt S. 
hard-drawn copper. 

NoTB. The above wires are all bare of insulation. 

For bridle or drop wires — No. 12 B. &, S. hard-drawn copper, insulated. 

Other sizes are sometimes used for special cases. This point, 
however, will be taken up later. 

Iron wire, although Lirgely superseded ])y copper, is still used 
in country di.stricts, where little long-distance business is done, and 
where the subscribers have not yet been educated up to tlie point 
where they are familiar with and demand tlie best transmission. 

As iron rapidly corrodes, or " rusts," when exposed to the air, 
the iron wire used in line construction. is galvanized, which means, 
covered with a film of zinc. This is accomplished in tlie following 
manner: The iron wire, while hot, is drawn througli a vat ()f 
Jiydrochloric acid to render thi^ surface perfectly clean. It is 
immediately afterwards dr.nvn fliioiiirh a vat of molten zine, which 



109 



X^^Wti'^ 



100 



TELEPHONY 



CD 

m 

> fi ; 

[Tj ^ 

2 ^ 









5-0 



I J; 

o u 5 ? 






eoeo?<"^»^»- 



e««-"-«^ 



O _ 

a." 
Ir c 

a « 

— Of 



* - 















& I ii 



'a 
5 






n 

#• 
*« 

A 



e3 eS 



•3 

a 






S V 

a 



31 -♦ 

55 



t- ec s 
Sir ^ 

© j: I- 

Tl ?i '■£ 



o> s p 5 

• • ^^ « i ^« 

- ' ^ £ 25 







c5 « 



© X fj 



■*? '^i' ^f ^ 






§i 



0;c^7^^ixeelAeQ^>^S*^^•0'«'»-•C4u5S^?lSc<^^DX9CaD2oonxc 

•H «-n^ C« >• 08 "* 



^-*»-«C'ic«c^ti^«oxceo«o — ' 





ICO 



» '«' X CM 2J 55 •- lo 
• »H t>. »- H « e<3 e^ 



c,rt^-=©oo©««ggg5gjgg3ggog2] 



lis I 



'S2: 



oc 



► 



X 






"^ '^ O M 



a; J- a 

** S a 



§S22S?x2gggffgSSS 
I- ri tt © x I - ^5 of *i *i *> ift •S « 25 ■?» 

555©5wi©©c©»-"^e3$i'M©Ji^i-iS-xi-^x 
©©©c©i5©©©©c©©©©.-i5if5«»xJi©iMCMr< 




•H ri cc ic X 







RX-fi^r'. r. <M©3>ax©?ix^55r--f^»rt'^«5^xM'rw©c©o©o©( 
r- i-N ti N ?; f 2 -^ oo © ?< tc • 



>S! 



>00( 



w^r^tkV. 



©?it£©?SN©vX:ra95S99P^2<9^«?S^¥'' 




'H.>ip(ii 






'«3J V 



! c©corc©5©5©-cc = crr©o = ©©©©c©o — ©©©5j;«p©»*«io?*©Boe«i-» 

I ••••■>■•-■•••■• ■•••••■■■••••••••••••••■«■..' 

^ -^ ri c 30 'i L* "T J*5 5* ?i »- — ^ I 







•s y •a'^>>; oanu!) 



© 



110 



TELErilONY 



101 



TABLB VI. 

Wdf hts sad ReslaUncea of Wires, B. W. 0. 



• 

o . 


Diameter 
in Mils, d. 


Area in Cir- 
cular Mils. 
(CM. =d».) 


WeighU. 


Resistances in International 

Ohms, leased upon Matthics- 

sen's Standard at (rf4° b\ 




Pounds 

per 1,000 

Feet. 


1 

Pounds 

per 

Alile. 


1 

Ohms per 
1,000 Feet. 


I 

OhiiiM per 
Pound. 


0000 


454 


1 
206116 


624.000 


1 
3294 000 


.05023 


.00008051 


000 


425 


180625 


547.000 


2887.000 


.057:^2 


.00010480 


00 


380 


144400 


437.000 


2308.000 


.07170 


.0001(5400 





340 


115600 


850.000 


1847.000 


.08057 


.00025000 


1 


300 


90000 


272.000 


1438.000 


.11500 


.0(K)422:]0 


2 


28 i 


80056 


244.000 


1289 000 


.12840 


.00052580 


3 


250 


67081 


203.000 


1072.000 


. 1 r,430 


.00070010 


4 


23 S 


56644 


171 000 


905.000 


.18280 


.ooKxmoo 


5 


220 


48400 


146 000 


773.000 


.21390 


.00146000 


6 


203 


41209 


125.000 


659.000 


.25130 


.00201400 


7 


180 


32400 


98.000 


518.000 


.31060 


.00325800 


8 


165 


27225 


82.000 


435.0(MJ 


.38030 


.0O4(U500 


9 


148 


21904 


66.000 


350.000 


.47270 


.00712000 


10 


134 


17956 


54.000 


287.000 


.r)7<560 


.010()1000 


11 


120 


14400 


44.000 


230.000 


.7I}M)0 


.01650000 


12 


109 


11881 


36 000 


190.000 


.87150 


.0242:J000 


13 


95 


9025 


27.300 


144.000 


1.14700 


.041090<M1 


14 


83 


6889 


20 80O 


110 000 


1.50.S0O 


.07207(M)0 


15 


72 


5184 


15.700 


8:r000 


1.90700 


.1273(M)00 


16 


65 


4225 


12.800 


()8.000 


2 45100 


.10l(500(K) 


17 


58 


3364 


10.200 


54.000 ' 


3.07S00 


.30230000 


18 


49 


2401 


7.300 


38.4IM) 


4 31200 


.50330000 


19 


42 


1764 


5.300 


28.200 > 


5.87000 


1.00JK)00O0 


20 


35 


1225 


3700 


19.000 


8 45200 


2.27000000 


21 


32 


1024 


3.100 


10.400 


10.11000 


3.26200000 


22 


28 


784 


2 400 


12.500 


13.21000 , 


5.50500000 


23 1 


25 


625 


1.900 


lO.O(X) 


l(J.570OO 


8.75(50()(K)0 


24 


22 


484 


1.500 


7.7<M) 


21.3JKXM) 


1 1.OOOOOOOO 


25 


20 


400 


1.200 


(5.400 


25.88000 


21.38000000 


28 


18 


324 


.980 


5.200 


31.00000 


32.r>8000000 


27 


16 


25^J 


.770 


4.100 


40.45000 


52.19000000 


28 


14 


UK) 


.5JK) 


;moo 


52.830(M) 


80.04000000 


29 


13 


169 


.510 


2.700 


61.27000 


110.80000000 


30 


12 


144 


.440 


2.300 


71.90000 


1(5.').000<M)000 


31 '■ 


10 


100 


.300 


l.(M)0 


103.50000 


342.00000000 


32 ; 


9 


81 


.250 


1.3O0 


127.80000 


521.30000000 


33 1 


8 


64 


.190 


1.020 


101.80000 


835.10000000 


34 


7 


49 


.150 


.780 


211.30000 


1425.00000000 


35 


5 


25 


.076 


.400 


414.20000 


5473.00000000 


36 


4 


16 


.048 


.256 || 

ii 


647.10000 


13360.00000000 
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is kept at a uniform temperature of 740° F. When the wire thus 

coated is exposed lo tlie atmosphere, an oxide of zinc is formed on 

the surface. This oxide, however, not being sohible in water, 

remains on the wire and protects it from further coiTOsion. 

When galvanized iron is exposed to the action of sulphur or 

chlorine, which occur in the exhausts of locomotives, in factory 

chimneys, etc., zinc sulphate or zinc chloride is formed. Both of 

TABLE VIL 
Properties of Oalvanlzed Iron and Steel Wires, B. W. Q. 



O 
OQ 












a s ' 






3=.- 



Weight in 
Pounds. 



Breaking 

Strengths in 

Pounds. 



Resistance per Mile 

(International Ohms) 

at 68« F. 





1 

2 

3 

4 

5 

6 

7 

8 

» 

10 

11 

12 

i;^. 

14 
15 

hi 

17 
18 



al: 



it 



1,(NN) 

Feet. 



One 
Mile. 



340 

noc) 

2M 

2o9 

208 

220 

203 

180 

KJo 

148 

134 

120 

109 

0;') 

83 

72 

Oo 

58 

41) 



110,600 

IK), (KM) 

80,650 

67,081 

66,644 

48,400 

41,209 

32,400 

27,225 

21,W)4 

17,050 

14,400 

11.881 

9,025 

6,8H0 

5,184 

4,225 

3,364 

2,401 



304.0 i 
237.0 ! 
212.0 

1770 : 

149.0 I 
127.0 
109.0 I 

85 I 

72.0 

58.0 

47.0 

;i8.o 

31 
24.0 
18.0 
13.7 
11.1 

8.9 

6.3 



1,607 
1,251 
1,121 
932 
787 
673 
673 
450 
378 
305 
2:)0 
200 

165 
120 
96 
72 
59 
47 
33 



Iron. 



4,821 

3,75:i 

3,363 

2,796 

2,361 

2.019 

1,719 

1,350 

1,134 

915 

750 

600 

495 

375 

288 

216 

177 

141 

99 



Steel. 



9,079 

7,068 

6,336 

6,268 

4,449 

3,801 

3,237 

2,545 

2,138 

1,720 

1.410 

1,131 

S>33 

709 

541 

407 

332 

264 

189 



1 E. B. B. 


B. B. 


Steel. 


2.93 


3 42 


4.06 


3.76 


4.40 


6.20 


4.10 


491 


5.80 


6.04 


6.90 


6.97 


i 6 97 


6.99 


8.26 


6.99 


8.18 


9.66 


8 21 


9.60 


11.35 


; 10 44 


12.21 


14.43 


12.42 


14 53 


17.18 


15.44 


18.06 


21.35 


, 18.83 


22.04 


26.04 


23.48 


27.48 


32.47 


28.46 


33.30 


39.:56 


37.47 


43.85 


51.82 


49.08 


57 44 


67.88 


, 65.23 


76.33 


90.21 


80.03 


93.66 


110.70 


100.60 


120 40 


139.00 


140.80 


164.80 


194.80 



these salts arc soluble in water, so that the zinc coating is soon 
eaten away, leaving tlie surface of the iron exposed. F'or tliis 
reason iron wires that cross railroad tracks are soon eaten away, 
and usually do not last more than six nioiitlis or a year. 

The three grades of iron wire used are designated by the terms 
Extra Hest Best, Best Best, and Best. These grades differ in 
point of internal structure, and also in conductivity. Table VII 
gives the properties of Extra Best Ik^st, Best Best, and Steel wire 
according to the Birmingham Wire (jauge. 

Table VIII shows the tensile strength of various sizes of 
copper wiro. 
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TABLE VIIL 

Tcnsil* Strength of Copper Wire. 



5;& 


Breaking Weight 
in Pounds. 


1" 


Breaking? Weight 
in Pounds. 




Hard- 
Drawn. 


Annealed. 

1 


Hard- 
I>rawn. 

617 


An- 
nealed. 


0(HK) 


8310 


5650 


9 


849 


000 


OoHO 


4180 


10 


480 


277 


00 


5220 


3553 


11 


388 


219 





4558 


2818 


1 12 


307 


174 


1 


3740 


2234 


13 


244 


138 


2 


3127 


1772 


14 


103 


100 


3 


2480 


1405 


15 


15;} 


87 


4 


1067 


1114 


16 


133 


60 


5 


1550 


8h:J 


17 


07 


55 


6 


1237 


700 


18 


77 


43 


7 


J>80 


555 


r.) 


<5! 


34 


8 


778 


440 


20 

1 


48 


21 



Table IX gives the factors by which the resistance of a copper 

Oonductor at an observed temperature must be multiplied to 

^letennine its resistance at 75° F. Thus, if the resistance is 12.746 

ohms at 88° F, the resistance at 75° F will be 12.746 X .9728, or 

12.399 ohms. 

TABLE iX. 

Factors for Calculating Resistance of Copper Wire at 75** F. 



a 




a 




i' S 








Temperature. 
Degrees F. 


o 
■** 
o 

08 

1 


es Of 

u u 


• 

O 
o 

i 


1 S OB 

a; 


• 

i 

1 


rt a* 
a; 


'A 


100 


.W84 


82 


.9853 


61 


1.0236 , 


46 , 


1 0<i31 


99 


.9504 


81 


.9874 


63 


1.0258 


45 


1 0«;57 


98 


.9524 1 


1 80 


.0805 


62 


1.0280 ', 


44 1 


1 0(570 


07 


.9514 


I 70 


.9016 


61 


1 O.JOl 


43 


1.0702 


06 


.9664 


' 78 


.9937 


(>0 


1.0323 


42 , 


1 .0725 


95 


.9585 


- 77 


.0958 


50 


1.0345 


41 


1.074« 


94 


.9605 


70 


.9970 


58 


l.()3r.7 


40 


1.0771 


03 


75 


l.OCKM) 


57 


1.0380 


.30 


1 .0703 


02 


.0646 : 


74 


1.0021 


5(J 


1.0411 


3H 


1 (^816 


91 


.9m] ' 


' 73 


1.0012 


55 


1.0133 , 


37 


1.0830 


90 


.0(J87 


' 72 


1.0064 


51 


1.0455 ': 


36 


1.0862 


80 


.9708 1 


71 


1.0O85 


5.] 


1.047H 1 


35 


1 .0885 


88 


.9728 


1 70 


1 OKMJ 


52 


1.0500 


31 


1.0iK)H 


87 


.9740 
.97t{0 


(iO 


1 0128 


, 51 


1.0.^)22 1 


33 


1.0032 


86 


68 


1.0140 


j 50 


1.0544 , 


32 


1.(^054 


83 


.0700 


1 67 


1.0160 


40 


1.0567 : 






84 


.0811 
.0832 


66 


1.0103 


1 48 


1.0580 






83 


65 


1.0214 


1 47 


1.0612 . 
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In recent j'ears, with the great lowering in the cost of |)roduction 
of aluminum, attempts have been made to use this metil in many 
of tlie metlianic arts. Among the suggestions male is one for its 
us«i in the manufacture of telephone wire. Tlie great advantage 
of this metal lies in its comparative lightness. 

Table X gives tlie relative qualities of aluminum and cop|>er. 

TABLE X. 

Properties of Aluoiinain end Copper. 



Conductivity (for t'<iual sizes) 

Wei^'ht (for ctjual sizes) 

Weight (for equal length and resistance) 

I'rice — A I. liHc, Cop. l»>c. (bare line-wire) 

Price— (Equal resistance ami lenjfth bare line-wire) 

Temperature coetlicient per degree F. 

Resistance of mil-foot (20''C) 

Specilic gravity 

Breaking strength (eijual sizes) 



Alimikim. 


COPI'ER. 


1 

.54 to .63 




.:« 




.48 




1.81 




•) . .868 




.002138 


.002155 


18.7:J 


10.5 


2.5 to 2.68 


8.80 to 8.fl3 


1 


1 



Table W gives the properties of the different grades of 
aluminum wire manufactured l>y the Pittsburg Reduction Com- 
pany. 

To sum up, tlie only advantage to l)e g-ained by the use of 
aluminum would lit* in the fact that it is lighter than copper. To 
oft'set tlii^, however, the diameter of tlie wiie Would have to be 
larger than that (»f a e<»[)j)er wire for the same coiiduetivity, thus 
offering a gnMter resistance to the wind. The greater suifaee of 
tlie aluiniiiuiii wire would cniuse a greater (deetrostatic capacity to 
exist between it an«l the ground than would be the case with cop- 
per wire. There wouhl, niore()ver, l>e a greater dillieulty in solder- 
ing aluniinuni joints than copper joints. In view of these facts, it 
does not seem j)os.sible that aluminum will ever supplant copper 
in line construction. 

Tie Wires. The line wires are tied to the insulatoi-s bv 
means of short pi(M(»s (»f wire called tic wires. The wire used 
for this jiurposo should always be of annealed copper of the same 
gauge as the wire to be tied. It should l)e cut into lengths of 
al)oui 18 inches. 

5tring^in^ Wires. The poles having Ikh'U erected and the 
cross-arms fitted, the next piece of work to be done is to string the 
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wii-es. When only one or two wires are to be strung at a time, 
the best method to pursue is to start from the first pole and unwind 
the wire along the ground at the feet of the poles until the last 
one has been reached. The wire is then made fast to the proper 
pins at the first pole, and is carried up ovei' the cross-arm at each 
succeeding pole. It is then tied to the pro[>er pins. 

When several wires are strung at once, as is usually the case, 
a different method ie pursued. As many coils of wire are provided 
as there are lines to be run, and each coil is placed on what is 
called a paying>out reel. Fig. lOS. This cousists of a horizontal 




Fig. 103. 

wlieel a on the spokea of which are placed four upright arms h, e, 
d and e, whicli are bent over at the top to prevent the coil of wire 
being pulled over their ends. The wheel is mounted on a pivot/ 
the hearing of which g rests upon a four-legged truck ft. The coil 
of wire to he payeil out is placed on the wheel, with the four 
uprights projecting through the center of the coil. The end of the 
wire is then seized, and, the wheel a revolving fi-eely, the coil is 
ea.sily unwound. 

The reel, or reels are placed in a convenient location near the 
foot of the first polu. A piece of apparatus called a running board 
is then providetl. This consists of a heavy hoard, usually of oak, 
of alxmt the same length as the cross-arm, and having holes bored 
tlii-ough it, with the same spitciiig ivi that of tlie pins ujion tlie 
cross-arm. The ends of the wires arc attached at these holes, A 
stout ro|»e, to he pulled by a horse, is run over the cross-arm, one 
end of the rope Ijeing fastened to lljc center of the running board. 
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The horse is then started, and the running lx)ard is dragged up 
10 the cross-arm on the first pole, over whicli it is lifted by a man 
stationed there. It then passes on to the next pole, carrying the 
\rires after it, and is lifted over the cross-arm as before. As tlie 
work progresses the rope is lifted over succeeding cross-arms so as 
to keep the running board and the wires above them. 

When all the wires on the reel hivve l>een i)layed out, the ends 
are fastened to their respective pins at the first pole, and tlie distant 
ends of the wire are then grasped and i)ulled tight. Care must be 
Uiken not to pull the wires too tight, as this would result in stretch- 
ing and thereby materially weakening them. The be-Jt way to 
measure the right amount of tension to exert on the wires is to 
note tlie amount of sag in the spans between the poles. The 
amount of allowable sag depends upon the length of the span, and 
the temperature of the air. It increases with the length of the 
span, and decreases with the temperature. 

Table XII is one largely used by telephone men in line 
construction work. 



TABLE XII. 

Allowable Sag In Wires. 



1 
Tempera- 














I TURK 


Span 75 ft. 


Span 100 ft. 


Span 115 ft. 


Span I'M ft. 


Span 15n ft. 


Span •-.*««> KT. 


Fahrcn- 


Sao. 


Sag. 


Sag. 


Sag. 


Sag. 


Hag. 


HRIT. 

i 






2it inch 




1 ~ ■" 
4 A inch 


1 


— SO** 


1 inch 


2 inch 


••U inch 


8 inch 


— 10" 


U " 


2i - 


3 »• 


4 '* 


r. '' 


! - . 


-f- lO** 


U ** 


3 *' 


3* '* 


4.^ »' 


1 6 " 


un - 


-f SO** 


2 ** 


3 ** 


4 ** 


rn '* 


: 7 .» 


' 12 - 


-f 00" 


2i - 


4* ** 


5^ - 


7 '• 


t> - 


, luA •' 


-f 80" 


3 ** 


6^ - 


7 ** 


8.i •' 


1 lU *• 


li) •' 


H-UK)" 


4^ '' 


7 *' 


'« 


11 •* 


1 14 •' 


\2'2\ *' 



To illustrate the use of Table XII, take the ease of tlie IT)- 
ft. span. If the wire be strung when the temperature is— »50° F, 
it may be pulled up until the sag is 1 inch, whereas, if the same 
wire be strung when the temi)erature is 100°, a sag of i\ inches 
will have to be allowed. 

The next piece of work is to tie the wire to the insulat()i*s. 
This is done in two ways, the first of which lias passed out of u^r. 
with the most up-to-date companies, it is illustrated in Fig. 10 1, 
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where a represents the top of the insulator, d d the line wire, and 
6 the tie wire as it lies in the groove in the insulator. The ends 
of the tie wire are wound around the line wire as shown at c c, 
four and a-half turns heing taken. This method of tying was the 
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Fig. 104. 



Fig. IW. 



one U8i;d altogether in connection with iron wire. 

With tiie advent of copper wire, however, a different method 
of tying waa found ni'eessiiry ; and the one ilhiatrated in F^. 106, 
105 A and 10.5 B, has come to be adopted. Looking at the lagt 
(iguie, 10i> II, it will be seen that the tie wire is passed around 
the gliiss in one complete turn, one end being passed under, and 
the other over the line wire. The ends are then wnipi>ed around 
the line wire in 5 complete turns, which are not laid as close 
togftht'r as tho.se of the old tie but are more spread out. The 
completed tie is sliown in Fig. 10-') A, and the plan of it is seen in 
Fig. 10.-,. 

There are two methods of making joints in the wii-es. One 
of these, now jKtssing out of use, is shown in Fig. 106, and is 
ealleil the Western Union splice. It is made by wi-apping the 
ends of the two wiies about eaeli other in the same manner as in 




iK. 106 A. 



Fig. 10> B. 



the old form of lying. Tliis joint slioiihl always he soldered, and 
in so doing the heat should Ite applied at the center iwint, as the 
siihh'r tikea hold JH-wt under these conditions. This foiin of joint 
is heing superseded by that made by the Mclntlre sleeve, which 
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issbown in Fig. 107, and which consists of two copper tuln^s a iind 

i sweated together. Tliese sleeves iire made* in various sizes to 

accommodate the different sizes of wire uscmI. Tlit* two wires to 

be joined are introduced into the holes r and d respectively. The 

sleeve is then twisted through three tuins as shown in Fig. 108, in 

which a represents one of the wires entering one side of the sleeve, 

and h the end of the same wire emerging from the sleeve. The 

other wire c is brought in from the opposite direction, and its end 

is shown emerging at d. The sleeve is given three turns, as already 



Fig. 106. 




Fig. 107. 



said, and the short ends b and d are slightly IxMit over as a further 
precaution against their pulling out. This class of joint need not 
l>e soldei*ed. 

The line wires should always pass tlirough the groove in the 
insulator on the side facing the pole, exce[)t in the case of the 

J^ two insulators nearest 




Fig. 108. 



the pole, which should 
have the line wiies tied 
on the side away from 
the pole. In turning a 
cjomer the wires should be tied on the outsich* of the insulators so 

^hat the tension will cause them to press against the ghiss. 

In stringing wires the sUirt is made fiom the central office, 

and the work is carried on in the direction in which the line is to 

run. Where the line wire is terminated on a cross-arm, it is 

said to be dead-ended, which is 

done in the manner shown in b 

Fig. 109. The line wire d is 

passed around the insulator a as Fi^^. 109. 

shown at J J 6 and then through 

a Mclntire sleeve c. Tliis sleeve is given one and a-half turns. 

Tlie end of the wire is shown at e. 

Quying. Under this heading is included all the work neces- 

sarj* to make the line secure against extraordinary stresses such as 
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have iiln-iuly Un.-ii cillinicd lo. Tlif materhil nse^l in fitstening 
ill*' [tfth- to wliiUi-Vfi «.iij»-i;t lisis Ihvu SL'k'cied with a view to 
securing greater rigidity f<»r the line, is called JTuy rope or guy 




Fig. 110. 

Strand. Tlie standard guy strand is ma»le of seven steel wires, 
each of a dianirler not more than .111 inch nor less than .107 
inch. Ea'h wire must be free from scales, inequalities, and other 
ii]il)erfc(tioiis, must l)e of uniform diameter and Ihj dmwn in one 
continuous length, and must be thoroughly galvanized. The wires 
urc twistc<l togetlier, the length of the twist not to exceed 3.1 inches. 
The strand nuist have a breaking weight of at least 6,000 pounds, 
and must elongate not more than 17 per cent nor less than 11 
per cent of its length l)efore breaking. 

One method of fastening the guy strand is shown in Fig. 110. 
One en<l of the strand is wrapped twice around the pole at r, 
being held in place by means of staples, and secured by a st«\nd- 
jinl guy chunp. When the pole is e(i nipped with more than one 
cross-;nm, the strand is attached just alK)ve the second arm. 
When the |)ol(» is ecpiipiu'd with only on(» arm, the strand is at- 
t:u'he<l iust below the second n'iUn, To secure the otlier end of 
the strand, a fruy stub, shown at r/, is sunk in the ground in the 
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'^^i inner depicted. The stnind is woniid twice around the stiih, 
/>•-- ijinr liHid in {)laoe by .staples, and is secured hy means of a staiid- 



iL 



J guy clamp, shown at d. 



\ 
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inii|l||||i||||!JP'iriJ" 

I 
Fig. 111. 




Fig. 112. 



Tliere are two ways of setting guy stubs, both of wljich are 
equallv efficient. The method shown in the figure consists in 

fastening to the stub two lo^^s of chestnut, shown at 
e and e'. These must be 5 feet long and 10 inches 
in diameter, and fasten<»d to th(» stub by cross-arm 
bolts. Tlie upi)er one /' is placed on the side facing 
the }X)le and at a depth of al)OUt one foot. The second 
one e' is placed on the oi)i)osite sid(» and at a depth 
of alx)ut 6 feet. Tliese two logs, acting together, pre- 
vent the stub from being pulled into a vertical 
position by the strain on the strand. It should 
be (observed that the earth is j)iled up around 
the gu}* stub in tlie same manner as around tin* 

pole. 

When the above method is not used, a 

separate anchor must be provided for the stub, 
as shown in Fig. 111. In this case an anchor- 
rod, sh«)W7i at fi, is fitstened to a chestnut log /> 
i") fe(?t long and 10 inches in dianioler, sunk G f(;et in the earth 
under a pile of rocks. Tin; "eyt» '' end of the rod projects about 
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one foot above the surface of the ground. One end of a piece 
of guy stnind is wrapped around the guy stub in the usual manner, 
as shown at 6% and is secured with a guy chimp. A standard 
thimble, Fig. 84, is phiced through the "eye" in the anchor-rod, 
and the other end of the strand passed around it and secured with 
a guy clamp. 




Fig. 114. 

The method of securing the guy strand to the pole or stub is 
shown in detail in Fig. 112; and that used in fastening it to the 
anclior rod, in Fig. 113. 

The methods illustrated in Figs. 110 and 111 are applicable to 
side guying and head guying at the end of a line. In head guy- 
ing and back guying, the guy strand is fastened to the next 
adjacent pole at a point about 4 feet from the ground. 

In Fig. 114 is shown anotiier method of securing the guy 
strand. A guy rod a is secured to an anchor-log h sunk 6 feet in 
the ground. On the upper face of this log is secured a piece of 
plank 2 feet by 2 inches and of the same length as the log. This 
is done to afford additional resisting surface against being pulled 
out. The *'eye" end of the rod is allowed to project about one 
foot above tlie ground, and the guy strand is fastened to it in the 
manner already described. 
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In Fig. 115 is shown tlie nietliod nf securing the guy straiid 
^lien the ground is rocky. A hole ie drilled in the rook nt the 
iixigle shown, and the rock eye-bolt i» driven into it, the strand 
■^eiog attached to the "eye *' end in the same manner .is that de- 
scribed for the gny rod. Tlie liole in the rock should be of such 




Fig, 116 



a size as to give the eye-bolt a binding (it. The detail of the cye- 
bolt with the attached utrand in shown to the right. 

In addition to the directions for phtciitg i^uys already given 
Under the heading of " Laying Out the Line," Uip fuUiming 
should he noted : 

When a lino turoi a corner, liuth EiriiigLt HectioiiH slioiitil be ticnd- 
guyed and ilde-guyed a,» ibuwn in Fig. 110. 

In eroMlnjt a road, each tnrniu); pole slioutd lie iliinlik' Ride-j^uyed, or 
Kuyed on both eidcB, and aIho l)i:ail-i;uyud. 

The two polei next to tho turnluK ]iolei> elioulil In; Iiead-giiyi'il. 

Terminal polcB on long spauB— aOO feet— clumld liu hciid-jjiiyod, and, 
if pOHlble, aidu-guyed in both directions. 

The adjacent poles should bo hcad-giiycd to lliu tprminat jioleo. 

In paiBlng through hilly country the puieh kIiuiiIiI he lu'iid-guyod as 
•howD at (I and h. Fie- IIT, bo an to overcome the downwnrd siraiii. 

Iilnee of four crotK-arniB <ir more i^bould lie douhlu iiide-);uycd every 
quarter of a mile, and double huad-^-uyed every hulf mllu, in addition to 
whatever other guying may ho nccdi-d. 

The method of guying in hilly country is shown in Fig, 117. 
Here the downwaitl struin would imll [miIvs '2 and 3 over lowunls 
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pole 1 V -re it not for the guy a securing pole 2 to pole 3, and guy 
b securiug pole 3 to pole 4. In ninny cases it ia* convenient to 
guy to trees. Particularly is this so in the case of side^uying. 
When trees are used as guy stubs, the following precautions must 




pi«. no. 



hf! taken: A troff must Ito selected which is perfectly secure and 
which is large enough in di;iTnet(.T to stand the strain. The bark 
must he pnitccted by nu-aiia of lagging made of pieces of wood 
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about 1 foot long and 2 inches by 2 inches. These Are placed 
against the tree, the guy strand being wrapped around 'them and 
secured in the usual manner. In guying it must be remembered 
that the strain on the strand can be resolved into two components, 
one vertical, or down the pole, and the other horizontal, or at 
right angles to the pole. It is this latter that is useful ; and to 




Fig. 117. 

make its amount as large as possible in proportion to the total 
strain, the strand must be secured at a point as far from the foot 
of the pole as possible. 

TELEPHONE CABLES. 

Types of Cable. There are three types of cable used in 
telephone line construction, each one peculiarly suited to the con- 
ditions it is called upon to meet. Considered with regard to the 
nature of the insulating material, two of these classes may be 
merged into one, leaving only two distinct kinds of cable when 
classified in this way. The conductors of cables are insulated 
either with paper or with a compound of rubber. When cables 
were first introduced into telephone work, the conductors were in- 
sulated with cotton braid saturated in rosin oil. It was found, 
however, that a better insulation could be obtained by the use of 
paper, besides securing the additional advant^iges of reduced cost 
and reduced size of cable. Cotton insulation, therefore, so far as 
cables used in line construction are concerned, is a thing of the 
past. 

Paper-insulated cables are made in several ways, but are com- 
prised in two great classes, dry core cables and saturated core 
cables. In the manufacture of dry core cables, as the name indi- 
cates, the conductors are wrapped with dry paper, and are sub- 
jected to no further treatment except baking. In the manufacture 
of saturated core cables, the conductors, with their paper in« 
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tion, are saturated with melted parafiine. The advantage of the 
latter treatment lies in the fact that, should the cable be subjected 
to moisture, the paper will not absorb it as it does in the case of 
dry core cables. As a general thing the dry core cable is used on 
underground lines, while the saturated core cable is used on aerial 
lines. 

Paper-insulated cables — or " paper cables," as they are 
called — are constructed in the following manner: The conduct- 
ors, consisting of No. 11) B. & S. gauge soft-drawn copper, are 
covered with a wrapping of Manila paper of about the thickness 
used by shopkeepers in wrapping goods. In order to overcome 
the mutual induction that would otherwise be present, each pair 
of conductors forming a circuit are twisted together into a strand, 
the length of the twist not exceeding 6 inches. These strands are 
laid up in layers around the center of the cable, each layer being 
wound spirally around the center in the opposite direction to that 
of the next adjacent layer. In order to distinguish one of the 
conductors in a strand from its mate, the insulation on one of the 
wires is marked in some peculiar way. The standard cables made 
by the Western Electric Co., for instance, have one conductor 
covered with red paper, and its mate covered with white. The 
cable thus consists of a number of red covered conductors each 
twisted with a conductor covered with white paper. Some manu- 
facturei-s, notably the American Electric Works at Providence, 
R. I., have a red thread in the paper on one conductor, and white 
paper on its mate. 

When the pairs of conductors have been arranged in layers as 
described, the whole is bound with cotton thread saturated in 
paraffine. If a dry core cable is intended, the whole is baked in a 
suitable oven in order to ex|)el all moisture from the paper; while, 
if a saturated core is wanted, the cable is immersed in melted 
paraiEne. 

This work having been finished, the cable is ready for the 
lead sheath. Tliis sheath consists of a lead pipe ^ inch in thick- 
ness and having an inside diameter equal to that of the cable. It 
is forced on under pressure, cooling as it goes into place. When 
the lead sheath has been j)laced, the ends, in case of a dry core 
cable, are saturated in parafiine for a distance of 2 feet, to pre- 
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vent moisture entering. The sheath is then sealed up at both 
ends, and the cable is ready for market. Standard lead cables of 
both types are made in the following sizes and of the outside 
diameters indicated in Table XIII : 



TABLE XIII. 

SizM of Standard Lead Cables. 



NuMBRR or Pairs 

OP COMDUOTORS. 


SiZK OF WlKK. 

B. & S. Gauob. 


Outside Diamrter. 


Length. 


2 


No. 19 


1 inch 


1,000 feet 


6 




li iDcbes 


1,000 " 


10 




U '' 


1,000 ** 


15 




11 - 


1,000 ** 


25 




U *' 


1,000 " 


50 




2 


800 ** 


100 




2i - 


800 *• 


150 




2i ** 


800 ** 


200 




2f " 


800 ** 



The New York Telephone Company have developed a cable 
in which No. 22 B. & S. soft-drawn copper is used and which is 
made in sizes of 300 and 400 pairs, each size having an outside 
diameter of 2 J inches. For underground lines in large cities, this 
type of cable is especially well adapted. 

In Fig. 118 is shown a typical paper cable, with part of the 
sheath removed to show the successive layers, which appear at 
a, by <?, etc., going from the center outwards. 

A paper cable manufactured by the » 
Felton-Guilleaume Company possesses \ 
the same essential features as those 
already described, but is more economical 
in the use of insulating paper. It is 
shown in section in Fig. 119, together 

with a (letail of the method of using the paper. It will be seen 
that the conductors of a pair are placed on opposite sides of a 
ribbon of insulating pjiper, and twisted together. A second ribbon 
of paper is then wound around the pair to insulate it from the 
other pairs. The whole is then bunched together, and covered 
with a lead sheath in the manner already described. 

When cables were first introduced, the great drawback to 
their use lay in the high electrostatic capacity existing between 
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Fig. 110. 



the conductors. In the open-wire line this electrostatic capacity 
is reduced to a minimum hy tlie great distance existing between 
the conduetora. In the cable, liowever, where wires itre buncbeil 
together, tl lis separation does not exist and special precaution must 
be tiiken. Paper, on account of its porous texture, entraps within 
itself a laigeamountof dry air — asidffltance which, with the single 
exception of bjdu>{fi.ii gas, possesses the lowest electrostatic capac- 
ity of all known bodies. 
The specifications for 
dry core cables call for 
a capivcity between each 
conductor and its fellows 
of .08 microfarad per 
mile. In actual fact, 
cables are constructed 
with a capacity of .06 
microfarad per mile and 
even lower. SaLunited core cables, for the reason that a great 
deal of the dry air is exclutled by the parafiine, have a somewhat 
higher capiicity. The siiecifications for these cables call for a 
capiicity between eauli condiit'tur and its fellows of .175 mici-o- 
farad i)er mile, which requirement is easily comijlied with by the 
manufiii'tiiivis. l'':ich (tonihii/toi* Nlnnild Iimvc a resistance of not 
more than 47 "lims per mile iit a tcriijieratiire of 00° F, and the 
insulation resistance of eacli conrlmrUir should Ikj at least 500 
megolinis prr mile. Cables of tbi'i type are maile continually 
whose iiisulaliini resi.stance is 1,000 nu'gobms i)er mile and higher. 
Wlien iea.l-sbcatlu'd cables were intn.-Ui.'ed, the sheath was 
made at lirstni pure aictal. It was fuuiiii, however, that when these 
cables were laid in the creosotfd duet tubing then in vogue, the 
dead oil of tar uorn.ded the lead. ISy an a<linixtnie of 3 per cent of 
tin this liability to corrosion was found to be overenine, so that today 
all lead she;iths arc made with an aiiinixtuiv of 3 per cent of tin. 
Some nianufactiirei-s go so far as to phice a layer of tin outside the 
lead, but this is not necessary. Lead- sheathed cables are always 
constructed with two spare pairs U> be used in ease of eniei^eiicy. 
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PART III. 



TELEPHONE LINES. — (Continued.) 

Rubber-insulated cables, with the exception of submarine 
work, are used exclusively for a^'rial work. They comprise two 
classes known as bridle cables and tree cables, which differ but 
slightly. For local work, the sizes of the wires are No. 18 B. & S. 
and No. 16 B. & S. The Long Distance Company use No. 12 B. 
& S. The copper is hard-drawn and covered with a coating of 
tin. The insulation consists of a rubber compound -^^ inch in 
thickness, which is covered with a layer of tape. In some rubber 
cables the conductors of a pair are covered with differently col- 
ored insulation, one conductor, for example, being covered in red 
and the other in a drab color. It has been found, however, that 
coloring matter injures the texture of the compound, rendering it 
so soft as to be easily peeled off with the finger nail. Its xo^l', 
therefore, is not to be recommended. The pairs are twisted 
together, and laid up around a central core of jute, called the 
filling- The whole is then bound together with a winding of jute, 
called the serving, and is satumted with rosin oil. Over the 
serving are wound two layers of heavily tarred tape. In the case 
of the tree cable, an additional covering of heavily tarred cotton 
braid is placed outside of the tape. The conductors of these 
cables should have an insulation resistance of 250 megohms per 
mile after being immersed in water for 48 hours at a tempera- 
ture of 60° F. This requirement is easily met by the manufac- 
turers. The electrostatic capacity of this chias of cable is very 
high, but as it is used only in veiy short lengths, this feature is of 
no material importance. Rubber cables are made in the foUowin^^ 
sizes : 8-pair, 6-pair, 11-pair, 15-pair, 20-pair, and 25-pair. Their 
diameters vary from about ^ inch to 1 J inches. 
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String^ing^ Aerial Cables. Aerial lead-covered cables are 
strung on the pi>U*s in connection with the open wires, to increase 
Uie capacity of the line. The method of construction consists in 
hanging the cable to a suspension wire supported upon the poles. 
There are many ways of supporting the suspension wire or mes- 
senger wire, as it is sometimes called. The most approved method 
will be described. The suspension wire is constructed of galvan- 
ized steel wires twisted together in the same manner as that 
described for guy rope. Three sizes are used in standard con- 
struction, which are of the following diameters and weights : 
|-inch diameter, having a weight of 11 J ll>s. per 100 feet; -j^^-inch 
diameter, having a weight of 21 lbs. per 100 feet; ^-inch diameter, 
having a weight of 51 lbs. per 100 feet. The fii-st has a breaking 
weight of 1,750 lbs. ; the second, a breaking weight of 3,300 lbs.; 
and the third breaks at 8,320 ll)s. For special work, such as 
supporting extra large cables, or on extra long spans, special sizes 
of suspension wire must be used. The above sizes are standard. 
The first method adopted for supporting suspension wire was 

next to the pole, and to lash it 
to rest it upon the cross-arm, 
firmly with marlin as shown 
in Fig. 1 20, where the pole is 
shown at (t, the cross-arm at 
^^ and the suspension wire at 
c. Tlie marlin lashing is 
show^n at rf, and is wrapped 
around the cross-arm and sus- 
pension wire and secured to 
the pole. This construction, 
however, was found to be 
rather crude. Not only did 
the suspension wire cut into 
the cross-arm, bi^t an addi- 
tional disadvantage liiy in the fact that the arm was subjected 
to too great a load. 

Tlie next method devised was to drive .a pole step securely 
into the pole just Ixdow the bottom gain, rest the suspension wii-e 
on it, and securely fasten the wire with marlin, as shown in Fitr. 
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Fig. 120. 



132 



TKLKIMIONV 



121 



1 2 X . While this change was a step in the right direction, there still 
'•en:4ained the disadvantage of having the suspension wire resting 
^^ so small a bearing surface as the pole step. An improved 
^^^^"thod is to drill out the center hole of a guy clamp to a suffi- 
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cient size to tiike a cross-arm bolt^ and to s(;ciire the clamp to the 

pole by means of such a bolt driven througli the pole in tlie usual 

manner. The suspension wire is then passed through the upper 

groove, and securely held in place by tlie 

two end bolts. This construction is shown 

in Fig. 122, where a represents the p(»hs f> 

the suspension wire, c the cross-arm bolt 

passed through the center hole of the guy 

clamp, and d d' the two end bolts securing 

the suspension wire. 

A special form of hanger has been dtv 
vised to take the place of the guy clamp. It 
is shown in Fig. 123. It consists of a flat 
hook a made of |-inch galvanized wrought 
iron about 4 inches wide. It is fast<*ned to 
the pole by means of a cross-arm bolt b b^ 
The suspension wire is shown in section at d ; 
and the retaining bolt, which prevents the wire from getting out 
of place, is shown at c. On account of the strength, simplicity, 
and cheapness of these hooks, this method is the one most to be 
recommended. A more elaborate method, and one to be recom- 
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mended where a large number of cables are to be supported on one 
pole, is to have a specially designed cable cross-arm. One of these 
is shown in Fig. 124, and consists of a steel angle 4 J inches by 3 
inches, constructed of |-inch stock. The 4|-inch face is set in the 
gain and is fastened to the pole and braced in the usual manner. 
The horizontal face is for the support of the suspension wire, and 
in it are drilled holes, a, 6, etc., the extreme one being 4 inches from 
the end of the beam on each side. The other holes are spaced 6 
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Fig. 124. 

inches, with the exception of the two holes nearest the pole, 
which are 20 inches apart. The holes on the horizontal face are 
of the proper size to take a |-inch bolt of special length to secure 
the guy clamp to the arm. The guy clamps are secured to the 
arm by this special bolt passed through their center holes, and 
the suspension wires are passed through one of the grooves in 
each clamp and secured by the two end bolts. The suspension 
wire should never be spliced; but when the end is reached it 
should be secured to the nearest pole in the same manner as tliat 
adopted for guy strand, and a new run begun. Suspension wire 
is usually furnished in lengths of 1,000 feet, and when it is to be 
strung it is run off on the ground, and then hoisted up at each 
pole. The suspension wire having been strung, pulled tight with 
a block and fall, and fastened, the work of running the cable 
should be started. Great care must be taken to protect the 
sheath from abrasions or kinks. 

Tliere are several good ways of stringing cable, but probably 
the best method to adopt is to mount the reel on a stout truck in 
such a manner as to allow it to unwind and let the cable run off. 
One end of the cable is fastened securely to the terminal point, 
and the truck is driven slowly aliead. A nian seated in a boat- 
swain's chair, whicli is mounted on wheels on the suspension wire, 
raises the cable up to tlie wire as the cable unwinds, and secures 
it temporarily at intervals of about 50 feet. As the cable un- 
winds, the truck is driven ahead so that it is always about 60 feet 
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in advance of the man in the boatswain's chair. When the cable 
is very heavy, and therefore difficult of nianipuhition by the man 
in the boatswain^s chair, a better method is to follow that shown 
in Fig. 125. The reel is mounted as shown, so that it unwinds 
from the upper side. The suspension wire is carried down to the 
ground at an angle of about 45°, as shown at a, and is securely 
fastened. It is better, but not necessary, to have two rollers b b' 
over which the cable runs as it passes off the reel. A rope strung 




Fig. 126. 

Over the cross-arms in much tlie same manner as that described 
for stringing open wires, is attached to the end of the cable and 
serves to drag it along. As the cable begins to ascend, a man 
stationed at that point attaches it to the suspension strand by 
means of suitable hangers, which move iilong the suspension 
strand with the cable. As the cable reaches the cross-arm, a man 
on the pole lifts the rope off and guides the hangers past the point 
where the suspension wire is fastened. At the next pole the same 
process is repeated, this being continued until the cable has been 
strung. One disadvantage in this method lies in the fact that it 
requires the services of a man constantly at each pole. 
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end of the ojlinler is a la^ 5. !.:• ttL::*- U &:tached the rope by 
me<»as of which it L- dnwn along. The L:Ie through the center 
of the cjilr.der Ls i^rge eLo:igh :o i.'. :z:2:i'?dite the cable and the 
hUaij^SiSlm wire. Tl.e m.:rlia L? w.;.f:::i.i in Livers on the jenny, 
which is pla.:ed over the «. ^'I'le ar.d the su-f^n>ion wire, the two 
halves tjein^ held tc^areth-rr tv a suitiible lievioe. One end of the 
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marlin is fii.stened secunly iUid the jenny is pulled forward. As 
it rriov^fs, tiie nirirlin is unwnunvh and wra{»s itself around the sus^ 
pension wire aiid the cahie, thus h«»ldii.g the two together. The 
action is shown in Fie;. 127. Recently, howt-ver, this method has 
been hUficrsf-ded hy usin;,' s^-nie form of metallic hanger. The 
moHt aj>prr»vwj type of this style f»f hanger is shown in Fig. 128. 
It in made of sheet iron tinned, and is called the metropolitan 
clamp. 

Thf; cable sheath should Ije s|)ecially protected from abrasions 
at |K)intH where it piisses pohvs. During high winds the cable 
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sways to some extent, and a certain amount of rubbing between 
the cable sheath and the pole takes place. The necessary pro- 
tection from abrasion is given by fastening wooden lagging about 
the cable with marlin, as shown in Fig. 129, where a denotes the 





Fig. 128. 

suspension wire, b and b ' the hangers, and c and c ' two wooden 
strips fastened on opposite slides of the cable by the marlin. A 
better way is to give the cable at this point a hetivy wrapping of 
marlin wound close together and in several layers. This is more 
flexible than the wood, and forms a better cushion. 

Underground Cable Lines. 
In large cities and in many 
towns, laws exist against the 
building of atrial lines, whether 
open-wire or cable." In many 
residential suburbs, the inhabi- 
tants object to the building of 
aerial lines on account of the un- 
sightly appearance of the poles. 
The number of underground 
lines in use is accordingly in- 
creasing at a very rapid rate 
from day to day. While under- 
ground wires are much more costly to build than aerial lines, 
they are proof against injuiy by storms. 

When telephone cables were first put underground, an open 
trench was dug and the cable was laid in, being surrounded with 
a mixture of cement and sand. Tiie trench was then filled. It 
was found, however, that if a cable b(?came defective, the whole 
trench had to be dug up in order to replace it. Tlie necessity for 
some form of duet into which the cables could be drawn was 
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apparent DUr^arding the ezperimflntal work that proved 
. wortliless, the first form of duct used was constructed of creoeoted 
pine in the shape of an open trough. This trough vaa laid in 
tlie trench, the cable being laid in it and the earth then filled in- 
This construction proved to be equally defective with the open 
trench in the fact that the cable could not be drawn out without 
opening the trench. The next method deviaed was to construct a 
circular duct of the form showo in Figs. 130 and 130 a. The stand- 
ard size consiiits of a stick of timber 8 feet long, sawed square, 
with edges 4| inches. Through the axis is bored a hole 8 inches 
in diameter. One end of the stick is cut with a tongue, shown at 




a, Fig. 130 ; while the other end is cut with a recess, shown at b, 
Fig. 130 II. In conatiuction the tongue of one log fits into the 
Cdtrcspontling recess in the next succeeding log, and the joint is 
niiule Kcfure by pouring in hot pitch, Tliese logs, or ducts, 
called pump logs by some, are impregnated with creosote in the 
Hiiine milliner as the cmss-arms. The method adopted in con- 
Btnictitig aubways with this form of duct tubing, is illustrated in 
Fig. 131. A trench is first dug, varying in depth from 3 to 6 
feet according to the grade of the street. Creosoted planks 2 
inches thick, shown at a a ', are laid in the bottom of the trench 
for a foundation, upon which is placed the duct tubing. In the 
present case there are 12 duets being laid, 3 rows of 4 ducts each. 
On top of the upper layer is laid a roofing of creosoted planking; 
and between the sides of the diKits and the trench are placed 
joists, one of which is shown at c, to prevent lateral motion. 
The earth is then tilled in and packed down. One of the men on 
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Uip of the ducbi will be seen with a hammer, in the Jict ni driving 
home 11 joist. The creoBoted ducts about tu be useit are flhown 
piled lip ftt the side of the excavation at h. The depth nf the 
trench should be so reguhited that tho top plmking is at lea^t 
from 2,1 to 3 feet below the aurface of the roiid. 

Another fnnii of duct tubing which has eonie into use since 




the introduction of the pump log, la the cement-lined iron pii>e. 
The method of constructing it is shown in Fig, 132. It consists 
of a tutje 8 feet long constructed of wrought iron ,018 inch thick, 
the Seam being fastened by rivets placed 2 inches on centers as 
shown at a a'. The tulie is lined witli a wall of INiscndale 
cement about I inch iu thickness, fihriwn at d. Into one end of 
llie tube is fitted a casting of the form shown at 6 ,■ while into the 
other end is inserted a casting of the form shown at c The cast- 
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ing c fits securely into the opening at 6, The standard size of 
this tube liiis a 3-inch liole. 

In setting thia conduit the ends iire hutted together, the 




sockets making secure jnirits. and yet allowing enough play for 
slight bends. When short curves have to \k made, bent Uiliea 
nuist be used. Tliis conduit is luiil in a trench, in the bottom of 

wlii(.'h id placed a I>fd of concrete about C inches thick. Tlie Q»t 




hiyiM' of tubes is covered with a hiyer of cement mortur, nacbitlg 

1 the height of ubout 1 inch above th.- top of l)i« till»es, the 

second layer beln^ laid upon Lhis. This prtjccss is repeated [nr 

succeeding layer. In Fig, 133 is slinwn the Dtethoil of cod* 

U^ting a subway with ihi.'* form of duct. It will be seen thitt 
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the sides of the trench are walled in with rough planking, which 
acts as a retaining wall for the mortar and the concrete. On the 
top of the npper layer of ducts is laid a layer of concrete from 4 
to 6 inches in depth. The earth is then filled in and packed 
down tightly. 

The two forms of conduit just described have been largely 
superseded by those made of vitrified clay or terra-cotta. The 





Fig. 134. 



Fig. 135. 



vitrified duct has the advantages of cheapness, ease of construc- 
tion, and high insulation, l)eside8 being absolutely proof against 
all forms of chemical action. One form of this duct is shown in 
Fig. 134. It is made in sections 2 feet in length. The edges of 
the hole are beveled to facilitate the drawing in of the cable. 

Another and better form of this class of conduit is shown in 
Fig. 135. It consists of sections of 4 ducts of the size indicated. 
The great advantage of this conduit lies in tlie fact that with it 4 
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Fig. 13(J. 

ducts can be laid with the same amount of lal)or that would other- 
wise be necessary in laying only one. This duct is laid in a bed 
of concrete as is the case with the cement-lined pipe, and a 
cement casing is built all an)und. In laying the duct a mandrel, 
shown in Fig. 136, is used. It is of wood, 3 inches in diameter and 
30 inches long. At one end is attached an iron eye a, and at the 
other end is a rubber gasket b whose diameter slightly exceeds 
that of the interior of the duet. One of these mandrels is placed 
ill each duct as the work of layuig is begun ; and as successive 
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sections are laid arouud it, it is drawn forward bo that j- of its 
length is conatantlj projecting beyond the end of the last duct 
laid. Ry this means gooil silignraeiit is secured, and whatever 
dirt may have accumulated in the ducts during the process of con- 
struction is swept out. In Fig, 137 is shown the process of con- 
struction aa followed with this class of duct. 

On first coiisidBmlion it miglit seem advantageous to con- 
struct subways lh;it would lie continuous from the [wint of start- 
ing at the exchange to the point of termination, wherever that 
might be. Such a course, however, would necessitate hauling the 




Fig. 137. 

cables in in one piece, which, even if it were possible, would be 
difficult and very costly. It has been found best to break the 
subway every 350 to 400 feet by a suitable chaml>er dug in 
the earth, called a manhole. The manhole also serves to furnish 
a point of inspection, Slill another advantage gained by having 
a manhole hes in the fiict tliut shoukl a cable become defective at 
any point, it is necessary to remove only the section between the 
two adjacent manholes. If the cable were laid in one piece, it 
would be necessary to remove the whole cable. The construction 
of manholes is vei-y important, and should be done in the follow- 
ing manner: 

The size of the manliolc depends upon the number of ducts, 
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bat it Bhould be large enough to allow a mftn to work with advan- 
tage. The usual form is that of a rectangle 8 feet by 4 feet, and 
about 6 feet deep. The walla are made of brick. In Fig. 138 is 
ahown the elevation of a maahole, in which a a ' denote the brick 
walL The bottom of the manhole, in tlie best construction, is 
made of cement and concrete mixed in the following proportion: 



.. 1 part. 
....2 parts. 




.-3^^ 
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This is laid to a depth of 8 inches. In some cases the man- 
bole is drained off by a piije connection to the sewer, having the 
oanal trap to prevent the entrance of the sewer gases. The con- 
crete foundation and the sewer connection are not absolutely neees- 
■aiy. On top of the brick work is placed a cast-iron manhole 
head shown at b b. The bottom of this caatinj^ is equipped with 
a circular flange e e', which, wlien in dilate, lies up against the 
sides of the brick wall and prevents lateral motion. The ciisting 
is r^foreed by two flanges c c'. A second circular flange d d*, 
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projecting npvanls, serves as a rest for the inner «oTer m, vhoee 
edge is gmoveil to fit. A circular rubber gasket is placed in this 
flange, making, when the cover Is in place, a water-tight joint. In 
the center of the cover is a cup-shaped depression n, into which 
fits the bolt p of the locking bar o, which is itself held in place by 
a groove in each side of the casting. The onter cover, shown at 
«, fits on a seat at the top of the casting. This cover is heavier 
than the inner one, being strong enough to bear the weight of 
heavy trucks ; it should (it securely on the seat and not tatUe. 
The ducts are shown coming through the side of the waU. 




Fit;. 139- 

In Fig. 137 ii4 shown in tlie foref^ound a manhole in course of 
construction. Wliere the intnihule is liirf^e, as in the case shown 
in tli« figuro, it would be imi)fis8ible to corbel the brick work suf- 
ficiently to niiike tlie opening at the top small enough to support 
the manhole livad. In tliis ciise two iron girders are laid across 
the tup, imd tlic head is supported on them, the open spaces being 
filled ill with flat brick arch work. Fastened to the sides of 
the hole tln-ougli which there are no ducts penetrating, are two 
stout plankH ti> whicili are attached several wrought-iron hooks for 
HUiiporling tlie cables. These are not necessary, but usually 
Hcconipany the lii'st eonstniction. 

ManhoIe.s ai-e sure to collect more or less gas, which ts drawn 
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^" through the ducts. Gas and sewer pipes sometimes pass through 

^he manholes, and the gas escapes into them in this way. Before 

*ny work is done in a manhole, therefore, it should be allowed to 

stand open for a while in order that the gas, if there be any, may 

escape. The gas can be removed with a pump, or by means of a 

^^ntrivance like an umbrella with a string attached to the handle. 

This is lowered into the hole and then pulled up smartly, the 

**^sistance of the atmosphere opening it and thus enabling the gas 

to be di'awn out. A very good method of securing good ventila- 

tiion in a manhole during the process of work, is to erect one end 

^f a long, narrow sheet about 6 feet above the side of the hole 

Opposite that from which the wind is blowing, and to allow the 

^ther end to hang down into the hole. The wind, striking this 

^lieet, is deflected downward into the hole, and forming an eddy 

forces up the gases that may be lodged inside. To guard as much 

as possible against the collection of gases in manholes, the ducts 

not in use have their ends closed with wooden plugs. 

The subway is brought into the cellar of the building used 
for the central office, in order that the lines may be brought in a 
suitable manner to the switchboard. In doing this the ducts are 
either terminated in a vault under the sidewalk, or are carried 
through the cellar wall itself. In Fig. 139 is shown the method of 
laying the ducts into the exchange building. They come from 
both directions, bend at right angles, and pass through the founda- 
tion wall directly under the hall door. In large exchanges where 
a great number of ducts terminate, the construction necessary for 
the proper handling of the cables is sometimes very elaborate. In 
Fig. 140 is shown a system of piping devised for continuing the 
ducts from their point of termination in the cellar wall to the 
place where the cables are to be distributed, and for arranging 
them in the proper order to facilitiite this work. It consists of a 
number of iron pipes a a' a" etc., which run from the cellar wall c 
to the point of distribution. They are supported upon two brick 
piers, one of which is shown at ft, and the other at V. The cables 
emerging from these tubes are shown at e e' etc. ; and the plugged 
ends of those not in use, at m w! etc. This system has been in- 
stalled in one of the largest exchanges in New York City. 

Drawlns^ in Cables. The subway being constructed, every- 
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thing is in readiness for the drawing-in of the cables. The first 
step in thi^ direction is to carry a rope through the dact into 
which the cable is to be dinwn, from one manhole to the other. 
The old way of doing this work was called roddlns, and consisted 
in [iiuhing a iiumljer of hmIs through the duct, the end of each 
being screwed into the end of the one directly in front of it, until 
enough liad been introduced to reach from one manhole to tlie 
other. A string was then attached to the last rod, and the rods 
were pulled out of the duet and anserewed at the opposite nian- 




Fig 140 

hnlo. \\ ill II t1i< 1 iht rod \i is re iched, the string was untied. To 
tiio <J|iinisitt inil of tht, slung w ls thtn fasU^ned a stout rope, 
wliich w »3 111 tiiui pulkd tlirougli A better way, and one now 
pr.icti<'i'<l altogetlier, IS to thread a string through each duct as it 
is K-iiig laid, and fasten tbo enils in each manhole so that they 
cannot In- aciidintally pulled out. A stout rope is then attached 
t*i the finl of one of thoe strings and pulled through. The cable 
is ill tnin puUt'd through by means of this stout rope, in the fol- 
lowing nianm-r: 

Till' rci'l containing the cable to be drawn in is mounted on 
tht> od^e of tilt' uKuiholc, as shown in Fig. 141, in such a manner as 
to aUow till' (<aI>U> to unwind fi»m the bottom. Care must be 
token to keep the sheath from touching the shiirp edge of the hole 
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stt a, and for this purpose a man must stand iu the hole and ^^ feed ** 
trhe cable in. The stout rope is fastened to the end of the cable in 
one of several ways, all of them good and yet all of them possess- 
ing disadvantages. One method, illustrated in Fig. 142, consists 
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Fig. 141. 




Fig. 142. 



in fastening over the cable-end a wrought-iron clamp such as that 
ebown in the figure, by means of screws passed through the holes 
and driven into the cable. The rope is fastened to the eye-piece 
a, and the cable is then drawn through the duct. Another method 
is to cut away the 
Hheath for a length 
of two feet, and, 
bunching the con- 
ductors together, 
bend them back in 
the form of an eye, 
fastening them to 
the sheath, as shown in Fig. 143. Still another way is to wind 
around the sheath a network of iron wire, leaving an eye at the 
end for the attachment of the rope. All these methods require a 
good deal^of time, and the first two necessitate wasting about 2 
feet of the cable. 

The rope being fastened to the cable, the latter is dmwn 

through the duct by means 
of the capstiin rf. Fig. 141 
mounted on the shaft c that 
carries the drum m about 
which the rope is wound. 




Big. 143. 



The capstan is turned by men pushing on the capsUin bai-s, two of 
which are shown at e and e\ Sometimes horse-power is used to 
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tarn the dmin, and one company bits used a portable engine tc 
perform tliis woik. There seems* however, to be no indication oi 
these method^ coming into geneial use. In pulling in the length oi 
the cable in the section between the central office and the first 
manhole, the retrl Is mounted in the central office and the palling 
is done at the manhole. 

Splidni:. It has already been said that cables, whether un- 
derground or aeriid, are strung in sections. A^'rial cables are 
furnished in len.:ths of 1,000 feet, while underground cables are 
furnished in leii;^hs corresponding to the distances between the 
manholes aliMi^r the line of subwav, so that each section of cable 
stretches only from one manhole to the next. In order, therefore, 

that the conductors may furnish contin- 
uous circuits, those of one section of cable 
must be joined properly to those of the 
next adjacent section ; and in order that 
moisture may not attack the cable at these 
points of junction, the lead sheath must 
be made continuous throughout the whole 
length of the cable. This work is called 
splicing^ and is done in the following 
manner: 

In stringing aerial cables, the ends of 
adjacent sections are allowed to overlap 
about 18 inches. In pulling in under- 
ground cables enough slack is left in each 
manhole to allow the cable to be placed on 
its proper supporting hook, or, wanting 
these, to lie lorsely on the floor ; also, as in 
the case of aerial cables, the ends of adja- 
cent sections are allowed to overlap about 18 inches. In making 
a splice, the lead slieath on the two adjacent ends is cut away 
for about 2 feet, exposing the conductors. This work must 
be done very adroitly, so as not to cut the cotton wrapping or 
injure the paper insulation in any way. The tools needed for this 
work comprise a chipping knife and a hammer. The chipping 
knife, shown in Fig. 144, is a blunt heavy knife of wrought steel, 
with an edge a «, a broad back /-», and a handle c. The method of 
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catting off the sheath is shown in Fig. 145. At a point about 2 
feet from the end of the sheath, a groove a in depth about half 
the thickness of the sheath is cut all round. SUirting at the end 
of the cable, holding the chip- 
ping knife as shown, and striking 
with the hammer in the direction 
shown by the arrow <?, a longi- 
tudinal groove is cut to meet a. 
The arrow b shows the direction 
in which the knife blade is driven 
under the blows of the hammer, 
and it will be seen to be tan- 
gential to the conductors, so that, 
should the knife be driven too 
deeply, the insulation will not be 
injured. The lead sheath being thus removed, the cotton binding 
is wound tightly, and tied at a point about half an inch from its 




Fig. 145. 




Fig. 146. 



end, as shown at a, Fig. 146. The conductoi-s are then spread out 
as shown at b V b" etc. Both ends are treated in this manner. 
A lead sleeve about 2 feet long, whose diameter exceeds that of the 
cable by from 1 to 2 inches according to the size of the cable, is 







Fig. 147. 

then slipped over one of the ends, after having its edges tapered 
off with a file as shown at c in the figure. The two cable-ends are 
then brought near enough together to make the distance sepai-ating 
the ends of the sheaths about 18 inches. A pair from each cable 
is then taken, and the insulation is removed from the wires in such 
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a nmu ie t dat vl^ea the vii«§ are placed ss sbovn at a and b^ 
Fig. 147. tCA e&ds of tire iikSTiliii<:4i come together. A cotton 
lieere 2| incxhes l.nz is iLen slipped orer each eondoctor of e«ieh 
(Mxr in oiie of thr ciVjLesw as shown at « e^ e". The red-covered 
wires are tL^&n jy.zjed ^ ge Jier as shown at a' b\ the j«iint being 
bent fLii as at a' C af:er which the cotton slecTe Is m-jved over 
tbe joint aa at f' '. The tw > white cijTered wires are then treated 
ill the bSiJDe manner. 2liA this proee&s is repeated ontil all the pairs 
of one cable hare been joined to thoae of the next* red to red, and 
white to while. The appearance will be as ahown at a fr e etc., 
Fig. 14d. Care should be taken not to have all the joints situated 
in the same locality. Tliev should be spread out over a distance 
about 12 incites long. 

To make a splice of this sort properly, the two cables should 
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be laid horizontally and at the same level. Aerial cables naturally 
assume this jKisition, and the cable splicer sits in a boatswain^s 
chair hung from the suspension wire. In the case of underground 
cables, the Ijest way is to place the end of each on a box or barrel. 
The conductors having been spliced as shown in Fig. 148, the next 
process is that of boiling out. For this purpose paraffine is heated 
in a metal trough over a portable furnace such as plumbei^s use. 
The paraffine should be thoroughly heated to expel whatever 
moisture may l>e contained therein, and in order to determine 
when it is hot enough the following points may be observed: 

When parafiine becomes thoroughly melted it emits a light- 
coIohmI smoke, which assumes a dark hue just before the paraffine 
Imrsts into flame. It is jast when the dark smoke is firet st»en 
that the parafline is at the viglit temperature to be used. A very 
simple and absolut(»ly reliable test — one resorted to by cable 
splicers — is to spit into the parattine. When the paraffine is hot 
enough the saliva is instantly thrown off. 

When the paraffine is of the proper temperature it is poured 
over the splice with a ladle, and permeates all the spaces belweeu 
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the wires, making them air-tight and driving out whatever 
moisture may be contained in the insulation. It also saturates 
the cotton sleeving. When sufficient paraffine has thus been 
poured on, the conductors are bound together as tightly as pos- 
sible with cotton thread, and the lejid sleeve is moved up into 
place. The ends of the sleeve are hammered down to make a 
binding fit on the sheath, and a joint is wiped at each end. To do 
this a quantity of haixl solder is melted in a pot over a plumber's 
furnace. The bent surfaces of the sleeve are rubbed with tallow, 
as are also the two sheaths, to a i>oint one inch from the edges of 
the sleeve. The metiil is then poured over the joints, and rubbed 
into place with a cloth pad, until a sufficient amount has been 
made to adhere to the two surfaces. It is then allowed to cool. 
At the completion of the work, the joint is as shown at a i c, Fig. 
149, where the space occupied by the wires is shown between the 
lines XXX etc., /, and /'. The sheath underneath the joint is 



-<i^;...-'— V^ -3^...,..X« 



a: 



;/' a f\ 



Tlf 



iv! 



ie 



"s jjjT^'—- ^- X .'^- '^"^ 

Fig. 149. 

enclosed in the lines ^'/' A' and ^,/, and A. The edges of the 
sleeve are denoted by the lines e e^; and the spaces m n 7/1' n' 
are filled with the wiping metal. 

In splicing cables it is advantageous to preserve the position 
of the pairs throughout; that is to say, the middle pair in the 
first section is spliced to the middle pair in the second section, 
which in turn is spliced to the middle pair in the third section, 
etc. The first pair in the outer layer of the first section is spliced 
to the corresponding pair in the succeeding section, and so on. 
Observance of this rule facilitates the work of testing out after 
the cable has been finished. 

In making a wiped joint the principal point to be guarded 
against is to keep the wiping meUil from running under the 
sleeve onto the conductoi's, burning off the insulation, and ruining 
the cable* To this end the work must be done as quickly and 
adroitly as possible. 

At the two terminating points of the cable — the central 
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office and the end of the line — the conductors are spliced to wire 
having some form of waterproof insulation, or to a cable made up 
of such wires. The ends of the lead cable are then sealed up 
hermetically so that no moisture can enter. Such an arrangement 
is called a pot-head, and is made in the following manner : 

The waterproof wire used for splicing to the conductors of 
the lead cable is No. 19 B. & S. gauge tinned, and has okonite 
insulation. The insulation is not covered with braid, as there 
is slight chance of mechanical injury. This wire is usually made 
into a cable, the pairs being bound together with waxed thread. 
Such a cable is called a pot-head cable, and the number of its 
pairs must always correspond to the number of pairs in the lead 
cable to which it is to be spliced. 

The method employed in making the splice is the same as 
that already described. The lead sleeve is wiped at one end to 
the cable sheath in the usuid way ; the other end projects above 
the end of the sheath about 18 inches. After the splice has been 
boiled out in the usual manner, and the joint wiped, the spjice be- 
tween the wires and the sleeve is filled with a compound of rosin 
and oil, which is heated into liquid fonn so that it fills not only 
the space between the wires and the sheath, but also that between 
the wires themselves. A sufiicient quantity of the compound is 
poured in to fill the space up to the top of the sleeve. It is then 
allowed to cool, and in doing so hardens, and forms a solid mass 
that prevents any moisture from entering the cable. 

Submarine Cables. As their name implies, submarine cables 
are used where it is necessary to carry the line underneath water, 
as, for example, in crossing navigable rivers when the presence of 
overhead lines would interfere with traffic. The usual construction 
of a submarine cable calls for each conductor to be made of three 
strands of No. 2^1 B. & S. gauge copper wire tinned, rubber insula- 
tion being used. The conductors forming a pair are twisted to- 
gether, the length of the twist not exceeding 6 inches. The pairs 
are bound togetlier with cotton thread saturated in paraffine, and 
the whole is incased in a lead sheath of the usual construction. 
Over the lead slieatli, steel wires of a diameter of .2 inch are wound 
helically. These steel wires constitute the armor, and are provided 
to protect the cable against mechanical injury. Over this armor is 
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voand very tightly a layer oE tarred oakum, to protect the wires 
from the action of the water. la Fig. 150 is sIiowq the cross^ectioD 
of an armored aubmariue cable, in which the conductors are shown 
at a a' a," eta, with their rubber iusulation. Tlie paraffined cotton 
binding is shoira at h, and the lead sheath at c. At d d' d", etc, are 
seen the armor wires, with tlie martin binding at e. This form of 
cable, owing to the use of rubber for iusulation and to the fact that 
the armor wires surround the whole, has a very high static capacity, 
which is increased wlieu the cable is laid, because of the presence of 
the water in such close proximity. The use of the stranded con- 
ductors is to give tlie cable increased flexibility, enabling it better to 
conform to the contour of the bottom upon which it is laid. 

In order to reduce tlie capacity o 

of the cable as much as possible, the *--.j:*?5?4?s&v * 

Long Distance Company are using ^ j^^^^^^^^^Hi 
a submarine cable in which the in- "h^^^^^^^^^wT^ 

sulation is of paper saturated with eC, |R (j^^^^^^Ml ji_<r' 
asphalt. The armor wires are re- ^"^^\^^^^®^^^^"^ 
placed by a second lead sheath w^^^^^'y 

placed outside of tlie first one. This ^ ^3S^ ^^ 

style of cable gives good satisfaction p[g. iso. 

for short lengths, but is much more 

easily injured by mechanical shocks than the other described. For 
long spans — 200 feet and more — the armored cable is to be 
preferred. 

Iq terminating rubber-insulated submarine cables it is not 
necessary to make a pot-head, as the nature of the insulation itself 
precludes the entrance of moisture. In toruunating the asplmllr 
filled cable, the usual pol^head must be made. 

TRANSPOSITION. 

It is a well-known fact following from the laws of self-indno- 
tioQ and mutual induction, that if two wires be placed parallel to 
each other, an alternating current flowing in one wire will induce 
similar and opposite currents in the other. These iiuluceil currents 
may be caused by the presence of the magnetic field set up around the 
first wire, or may be due to the electric stress set up between 
the two wires. The first is called electro-magnetic Induction, and 
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In Fij. lr'2 is :'!u-:r-;:'- 1 the nature of electrostatic induction. 
Supjx^<e the line a :» ;\j.i:i :.^ l-e the disturbing wire carrying an 
alternatinoj curreiK, Urii.r thf>e oouiitions the medium around it 
will receive aheniare jv-sitive aiil negative charges. Consider the 
instant wlien it receives a pjsitive charge, as shown in the diagram. 
The uiediuin surrounding the telt^phone wire will by static induction 
receive a negative charge ; the fn.sitive cliarge, l^eing repelled by that 
on the disturbing wire, will Hnv to ground in the direction indi- 
cated by the arrt>\vs. With each alternation in the disturbing cur- 
rent, the direction of How of this re^Kdled current is changed, with 
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the resultant noise in the receiver. Such a disturbance would be 
produced by the proximity of electric light and power wires running 
parallel to the telephone lines. This kind of disturbance will be 
treated in greater detail later on. It will be evident that the 
same effect will also be produced by two telephone lines running 
parallel and in close proximity. In this case the effect of the 
induced currents would be not merely to produce noise, but to 
repeat on one line, more or less distinctly, the conversation carried 
on over the other. Such an effect is called cross-talk. 

Mr. J. J. Carty, chief engineer of the New York Telephone 
Company, carried on a series of experiments to prove that cross-talk 
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Fig. 15.3. 

was not the result of electro-nmgnetic induction, but wholly due to 
ele:trostatic induction. In Fig. 15*) is shown his method of experi- 
mentation. The line a h, one end a being open, had the other end 
grounded through the secondary winding of an induction coil. The 
primary winding was connected through a transmitter to a battery. 
A constantly vibrating tuning fork placed in front of the transmitter 
caused an alternating current to be induced in the line a h. Since 
one end of this line remained open, the only current tliat could flow 
was that necessary to charge the line up to the potential of the im- 
pressed E. M. F. Therefore the electro-magnetic induction was 
negligible. At the moment when a positive charge was held on the 
line a 6, a negative charge was .in<luced on the other line, the posi- 
tive charge, as already explained, being driven to earth in the direc- 
tion shown by the arrows. As the (tharge on the wire a h changes 
from positive to negative, that on tlu*, oIIkt line changes from nega- 
tive to positive, the negative charge bc^ng released and driven to 



165 



144 TELEPHONY 



earth by the path already described, and its place being taken by 
the positive charge which flows up from the earth at both ends of the 
line. As a result the current flow in this line was either from 
the center toward both ends, or from both ends toward the center. 
The lines used by Mr. Carty were each 200 feet long, and separated 
from each other by | inch. The* nature and direction of current 
flow was proven by the fact that a receiver d placed in the center of 
the line gave perfect silence, while noise was heard in the other two. 
The proof was made still stronger by the fact that when the wire 
was opened at its center point noise was still heard in the two 
receivers c and e. 

When the line between Boston and New York was built, and 
telephone communication first established between these two cities, 
it was fomid that cross-talk was very marked, and in some cases so 

<^ — _ ■,,■_■ 5 



serious as to interfere with conversation. It was this fact that 
started Mr. Carty on his series of experiments, with the results 
already given. 

So far, grounded circuits only have been considered. If the 
telephone circuit is metallic, and the disturbing wire is placed so as 
to be at ecjual distances from the two conductors of the telephone 
circuit, no induced current will be produced in the latter, since, if 
the disturbiui; wire has a positive charge at any time, the surfaces of 
tlie two telephone conductors nearest to it will have a n^ative 
charge, while those most remote will have a positive. As the 
charge on the disturbing wire changes to negative, that on the 
adjacent surfaces will change to positive, while that on the remote 
surfaces will become negative. Since the telephone circuit is not 
grounded, it is obvious that the only way for this change to take place, 
is by the cummt flowing across the wire, which produces no noise. 
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When the two conductors of the telephone circuit are at un- 
equal distances from tlie disturbing wire, a different condition pre- 
vails. This is shown in Fig. 154. At the instant that the disturbing 
wire receives a negative charge, a positive charge is induced on the 
adjacent surface of the nearest telephone conductor, the negative 
charge being repelled to the remote conductor, causing a flow of 
current away from the receiver c towards the receiver /, in the 
direction indicated by the arrow, with a resultant noise in the 
receivers e and d. 

It will now be apparent that if two metallic telephone lines 
are placed side by side, the conductors of the circuits not being dis- 
posed symmetrically with respect to each other, an effect similar to 
that illustrated in Fig. 154 will be produced and cross-talk will re- 
sult This condition is overcome by transposing the conductors of 
one of the^ircuits at certain intervals as shown in Fig. 155, where 
a a' is one circuit and h V the other. At c and d the position of 
the conductors of the latter circuit is reversed so that both are 
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Fig. 155. 




equally exposed to the effect of the circuit a a\ As a result, any 
disturbing influences coming from a a' are felt equally by both con- 
ductors of the circuit h h', the induced current in one conductor bal- 
ancing that in the other, with the result that no current flows. 
This is called transposition, and is resorted to on all oj>en-wire 
lines to prevent cross-talk. Quite an elaborate scheme has been 
worked out for transposing the conductors on lines carrying several 
cross-arms. The scheme is shown in Fig. 150, and is described as 
follows : 

Starting from the first pole, a distance of 1,300 feet is measured 
off, and the pole nearest to this point is marked A. From the pole 
A, a second 1,300 feet is measured otl", and the pole at this point 
marked B. Another 1,300 feet is measured off, and the pole at this 
point marked C. The distance is again measured, and the correspond- 
ing pole marked B. This process is continued, the transposition poles 



157 



146 TELEPHONY 

being marked as shown by the capital letters in the diagram. 
Referring to the top arm, at the A poles the wires on pins 1 and 2, 
3 and 4, 9 and 10, are transposed. At the B poles the wires on 
pitis 7 and Sare transposed; while at the C poles those on pins 3 and 4, 
5 and 6 are transposed. Referring to the second arm, on the A poles 
the wires on pins 15 and 16, 17 and 18 are transposed; while on 
the B poles the wires on pins 13 and 14 are transposed. On the 
C poles the transpositions are made in the wires on pins 11 and 12, 
17 and 18, 19 and 20. 
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Fig. 166. 



When a third arm is placed, the wires on this are transposed 
the same as those ou the first ; and should a fourth arm be used its 
wires would be transposed similarly to those on the second. The 
method of cutting in the transpositions is shown in Fig. 157 and 
Fig. 158. The former is applicable to the case where the insulators 
are on the same side of the pole, while the latter is used when the 
pole lies between the two insulators. Referring to Fig. 157, the wire 
a, being one conductor of the pair, is brought around the top glass of 
a transposition insulator x, and secured by a Mclntire sleeve b. 
The free end is run through a second sleeve e. The wire a', being 
that to which a is to be traiisjiosed, is cut through the sleeve tf, 
the short end being wound around the upper glass of the transposi* 
tion insulator j.', brought through the sleeve V, and ended in 
the sleeve c. The wire a', being the mate of a, is brought round the 
lower glass of the transposition insulator 3^, passed through the 
sleeve U, the free end being terminated in the sleeve c.' The wire a, 
being that to which a' is to he transposed, is cut through the sleeve 
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d, the short end being wound around the lower glass of the transpo- 
sition insulator x, passed through the sleeve 6, and terminated in the 
sleeve c'. 




jfL 



Fig. 167. 

It will be observed that the transposing wires run between the 
two upper and the two lower glasses respectively, so that there is 
no chance for them to come in contact. In Fig. 158 the pole is 
represented at P, and to avoid it the transposing wires are carried 




Fig. 168. 

around the insulators before crossing over. Otherwise the method is 
the same as that shown in Fig. 157. This is called a transposition. 

TERHINAL POINTS. 

The terminal points of a line, as the name indicates, are the 
points in which the line terminates. In the case of tnmk lines the 
terminal points are the two exchanges that the lines connect. In 
the case of subscriber lines, one terminal is the excliange, and the 
other the subscriber telephone. The term is also used to denote the 
point where a certain class of line ends, the circuits being continued 
by another class of line — for example, the point where a cable line 
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is connected to an open-wire 
line, or where a submarine 
cable line ends. 

The method of t«rminatr 
iug lines in an exchange, con- 
sists, in the case of cables, in 
making a pot-head in the man- 
ner already described, and con- - 
necting the conductors of the s 
pot-head cable to a piece of '^ 
apparatus called the "main -m 
distributing frame." This sub- — 
ject will be described in detail J 

under the heading of "Tele- 

phone Exchanges," where it -^ 
properly belongs. Where the -^ 
line approaching the exchange ^e 
ia of the open-wire type, it is -^s 
connected to a bridle cable at ~^^ 
the point nearest the exchange, .^E ' 
the bridle cable being carried_^E: 

inside. The manner of ternii 

iiiitin<; oticn-wire lines outside: 
of an cxt.'biLiige consists : 
siiiijily dcnd-undiiig thorn oim 
thi; iiiauliiUtrs in the way al— 

riMily dcHcribod, terminal cross -^ 

ariii.s b<-iiif5 used. 

Tlic terminating of a "nVl" ■- "^ 

\v h(.'thi.'rai-ml, underground, OE =^ 

suliniitriiiL', is a more elnborat«!i— -'^"^ 
all:iir mid needs to be doai^^ ^*^' 
Willi i;riTit ciire. In this casi^ 
a ii'i-cc iif ajiparatiis called »- 
cable box is ns<:(l. A cable bo.'^ 
is a box niiuli; of ]iiiif, s(rinij;ly jint lii^etlii-r and of sulKcieut sizcj? 
t(i enable hH llic comluctors in tbe cable to be arranged in orde»" 
and permaniinLly ti.TriiinaU;J within llu; box. It should be iter- 
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fcKtly water-tight, and the door should be so constructed ns to 
l^trevent the rain from entering on being opened in wet weather. 
J II Fig. 159 is shown at a, a cable box mounted on a pole. 
"^The roof b is made to slant towards the pole, and projects suili- 
Ciiently over the side and at the front to throw off water. The 
Arrangement of the apparatus inside of a cable box is shown in Fig. 
H60. The underground cable or submarine ciible, as the case may 
^3e, is brought up through a hole in tlie center of the l)ox, the potr 
Iiuad being shown at « in the figure. Tlie pot-)iead cable is fanned 
out, or formed, in the manner shown, and its conductors are 
ettAchcd to the binding-posts arrangfd on two strips d and iV. At 
«, e', h, and h' are four strips of maple cleats with holes bored 
through them horizontally, as 
shown by the dotted Hues. 
These cleats and the strips of 
binding- posts are firmly screwed 
to the back of the cable Iwx. 
At the left-hand side of the 
box, at 6, is shown a bridle 
cable, which comes down from 
the cross-arm, where it takes 
the open wires. It b foruiud 
as shown, and is connecte-d to 
the strip of binding-posts ■?. 
At the right-hand aide of the 
box, at c, is seen an aerial lead 
cable, which comes down from 
above, and which, being formed, 
is connected to the binding- 
posts on the strip t. Referring to the two strips li and (/', iiiid beginning 
at the'top of the latter, the binding-posts are numbercnl downward \\\ 
series from 1. For example, the top post is No. 1, the sithiuI Xh. '1, 
the third No. 3, etc Assuming that there are ijO hi ruling-posts on 
each strip, the bottom one on strip '/' would he ?fo. 50. Tlie pust at 
the top of strip d would be No. 51, and the hottum one on tins 
strip No. 100, In connecting up the cable cnnrhictors to tlii'se 
posts, the first pair is placed on posts Nns. 1 and 2, the si^cond 
pair on posts Nos. 3 and 4, and so on. Tlie hiniling-p<ists on the 
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strips i and t' are also oumbered from the top downward in series ;^s 
that at the top of strip i is No. 1, as is also that at the top of strips* 
i'. The wires in these two cables are conaected in pairs exactly — 

similar to those of the underground type. The pairs in the under 

ground cable are connected to those in the bridle and atrial lead 

cables by what is known as cross^connecting. By means of a 

piece of twisted pair wire No, 19 It. & S. gauge, rubber-insulated, and 
braid-cover«d, tlie proper connections can be made. One end of each 
wire of the pair is connected to the proper binding-post of the 
underground cable, the other ends being connected to the proper 
binding pasts of the bridle or the aerial lead cable, as the case may 
^ be. Tlie cross-connecting wire is 

-"S—ff passed through the holes in the 
cleats as shown. Should it be neces- 
sary to connect a pair of the under- 
groniid, terminating on the left-hand 
strip of binding-posts, with a pair 
in tlie atrial lead cable, the cross- 
^^ connecting wire, after being passed 

^^"'p^-'-,^ ' through the hole in the cleat €*, is 

^"'^ . L il T carried to the top of the box and is 

passed through two japanned iron 
Fig. IGI, riiigR to the right-hand side of the 

box, to the proper point. The same 
practice wmild be ri'sorLod to it it were desired to connect a pair 
on the strip d wilb uth- nii the strip i'. 

Whunowr iui :\rn\i\ kad cable runs fur any considerable length,. 
say 200 fwt or ••wv, ihu (.■oiuhiftors slimdd Ijc protected at the cable- 
bnx by fuses suitably mounted. A strip of tlicae arrcsttirs is shown 
in Fif,'. 161. Tbuy are ninunted in the box and take the place of^ 
the bindin;;-])oslK. Tlie strip c(nisist.s of a block of wood a, on tins 
top of whiuh are si'Ciirely fasttued brass lugs, one of these being- 
shown at c. Tliest! lu;;s are bent as shown, and are slotted at one 
end aud nicked nt the other. To the bottom of the block are 
fiistciiud a scciiihI nnv of brass luj,'s /, etc., through the center of 
which a hole is drilli'd and tap]>etl. Ttie tubular fuses are shown al>- 
h b' h", etc. Tboy consist of a fiber tube, to the bottom of which im- 
fastened a bra,ss cap with a projectin;; .screw tliat fits into the hol^» 
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the bottom lug. The top of the tube is equipped with a cap 
*^*^ci hollow screw, over which fits a ring-nut c. This nut is slotted 
*^^ <l d' so that it can be set with a screw -driver. The fuse, which 
^^^^a capacity of 7 amperes, is soldercHl to the bottom cap, passed 
^X^ through the center of the tube, and soldered to the edge of the 
*^^^llow nut. The conductors in the cable to be protected are 
^^^Idered to the bottom lugs, while the cross -connecting wire is 
Soldered to those at the top. 

Keturning again to Fig. 150, it will be seen that the cable box 
^S mounted by fastening two boards, the ends of which are shown at 
<? e' and d d\ to the back of the box, and bolting these with cross- 
Hrm bolts to the pole. The cable-box door is shown closed, and 
should always be secured with a padlock. At x is shown a pole 
Beat, which is placed on the pole to afford a seat for the lineman 
while working. The method of bringing a lead aerial cable into the 
box is also shown; and it will l)e seen that the. cable is given abend 
at ^, called a drip loop, which prevents water from following the 
cable down to the box. The under({round cable is broucjht from the 
nearest manhole to the bottom of the pole, through an iron pipe laid 
in the earth. The pipe is bent and runs up the side of the pole to 
the height of 15 feet. From this point to the cable box, the cable is 
protected with a covering of sheet iron. 

TEST POINTS. 

Test points are placed here and there in a long line, to afford 
means of opening the line for the purpose of testing. Such points 
are necessary on toll trunks only. In many cases, toll trunks pass 
through several exchanges before reaching their destination, and 
under these conditions test points are not usually needed. The 
necessary number of test points on a line has never been definitely 
figured out. The Long Distance Telephone Company formerly 
placed test points at about every 50 miles. More recently, however, 
this distance has been reduced to 30 miles. The point to be 
considered in locating test points is the amount of ground that the 
linemi:n can cover in clearing trouble. In flat country traversed by 
good roads, the lineman can take care of a longer stretch of line 
than in rough country where movement from point to point is not 
80 easy. lie is at still better advantage at points where the line 
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runs parallel to a lailroad track, for in this case he can make use of 
the train service in clearing trouble. 

The test point is located in a convenient building, which 
usually becomes the lineman's home. The method adopted for 
bringing the wires into this building is the same as that described 
for connecting a bridle cable to an open-wire line. The other end of 
the cable, instead of going into the cable box, is cut into the build- 
ing. In Fig. 162 is shown the standard form for catting the con- 
ductors of the bridle cable onto the open wires. The line wires 
at this pole are dead-ended both ways as shown, transposition insu- 
lators being used. The free end of the line wire, after being passed 
through the Mclntire sleeve, is bent down at right angles, and the 
conductor of the bridle cable is soldered to it. These conductors 




Fig. 102. 

are brought down beneath thu cross-arm, and are passed through 
wooden cleats to prevent the iusulatjun from touching the creo- 
soted arms, at^ it has been fouud that creosote has a deteriorating 
effect upon the insulating material. 

In Fig. 163 is shown the method of wiring a test pole. It 
will be seen that the wires are dead-ended both ways, the short ends 
lieing brought over the top of the insulator and placed in a clip a, a 
firm conuettion being made by means of the thumb-screw b. In 
making the test, the lineman opens the line by removing the clip, 
and is tliu.s enabled to connect hini.self with either end of the line 
independently. 

The method of wiring up a test house is shown in Fig. 164, io 
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hich a b, a' V represent the top and bottom glasses respectively of 
^wo transposition insulators, the method of cutting in the bridle 
<i»ble at the pole having been already shown. At c c' f" c'" are 
^hown four pieces of apparatus called jacks. Each one consists of a 
'brass ring «, e', etc., a (Jerman silver spring 1, 2, etc., and a contact 
;i)oint shown by the arrow. When a properly shaped plug is intro- 
<iuced into the ring e, the plug is held firmly, and its end makes 
contact with the end of the ^b 

spring 1, pushing it to one side 
snd in so doing breaking con- 
tact with the contact point 
AVhen the jacks are without 
plugs, the two conductors from 
a a\ being wired to the two 
springs 1 and 2 of the two jacks Pj I(j3 

c and c\ form a connection 

through the arrow points to the springs 3 and 4 of the jacks c" and 
c'", thence passing out to the line wires at the transposition j^lasses h 
and V, By introducing a plug into each of the jacks e and e\ the line 
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Fig. 164. 

is opened towards the west, and communication is establishinl with 
the east. If on the other hand a phi^ is introduced into eacli of the 
jacks e" and «'", the line is ojKined towards the east and communica- 
tion is established with the wost. 

DISTRIBUTINQ POINTS. 

As the name indicates, these are points wliere the line wires 
^re distributed to the subscribers' telepliones. The sim{>l(.*st method 
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Fig. 166. 



of diet ibutioQ is from an open- , ire line by means of twisted-pair 

wire. Tliia case is illustrated in Fig. 165, which will be recognized 
as exactly similar to that of cutting in 
for a test station, T)je line is dead-ended 
in the usual manner, the twisted-pair 
wire being brouglit down to the bottom 
of the arm and passed through cleats to 
preserve the insulation, and springing 
away from the cross-arm at the point 
nearest to the location of the subscriber's 
station. 

In residential districts where the 
running of overhead lines must be re- 
stricted as far as possible, it is ofU'U 
most convenient to run the underground 
cable into the rear yard of some house, in 

which permission has been granted to erect a distributing pole. 

The cable is carried to the toji of this pole and terminated in a pot 

head, the conductors being fastened to binding posts. One such pole 

is shown in Fig. 1C(>, Tho pole 

is of the box-girder type, iiiado 

ofatecl,and eijuippedwith ete|i8 

for tho iiAu of the liiu'Uiitn in 

t-Iinibing. At tho top is a flat 

ring, on wliich art; iriouiitwl the 

bindiiig-posla. On thcbottoTii of 

this ring aro luoniilcd porcelain 

insulating kriylis, nhown at n 

etc. in the illustnition, and to 

which arc pccurely fastened the 

di.'iti-ilniliiig ^vir,'s. The pet 

head is covered with a wlieet- 

iron IukhI Suv protection ag)iin.-*t 

tho weather. Distributing 

wires will be seen at />. In 

Fig. 107 is shown a ratlier i]ii)re 

elalionite type of dislrilmting li 

cylindrical Ijox " snnnounlcd by a li 




It consists of a Hheet-iroii 
»h\ h. Tliis box contains the 
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binding-posts and protecting fuses at which the cable ts terminated. 
The cable can be seen fastened against the pole hy on imn pipe r, 
with the pot head at d. The flat distributing ring can 1 -inly seen, 
and is equipped with small hard-nibber-ci>ven;d rings, one ; which is 
shown at e, which are used to secure the distributing wires. The 
distributing wires also can be plainly seen. They are No. 14 It. & S. 
gauge, tinned, covered with rHbl>er insulation and heavy braid. Tlie 
copper is hard-drawn, and has a breaking weight of 200 lbs. 
The conductors forming a pair are twisted together, the length of the 
twist not exceeding 3 inches. The hood is sliowii mounted on a 
wooden pole, but it can ulso lie used on an iron pole. 

4^ 




The New York Telephone Company has develoiKiii a system of 
distribution called the " block " .lysteni, which is used exclusively in 
the down-town districts. The features of this system are as follows : 

The undei^round cable from tlie exchange terminates in the 
cellar of one of tlie buildings in a block, in the reguliitiun cable box. 
Fig. 159. In this box terminate also one or two other cables, 
called block cables, which have their other torminala in the cellars 
of the various buildings in the block. These cables are usually 
bridging cables. Froiu each of the terminals of the bktck cables, 
nin house cables — one cable for each buihling — which have ter- 
minals on each floor. If a subscriber ia to be given service any- 
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where within this block, all that is neoessaiy is to make the proper 
cross-connectioii between the undeiground cable and the block 
cable, and between the block-cable terminal and the house cabl& 
The only wire that need be run is that from the telephone instm- 
ment to the hquse-cable terminal on the same floor. The wire used 
for this purpose is called house wire. It is Na 19 K & S. gauge 
tinned wire, soft-drawn, and covered with rubber insulation <J> inch 
in thickness. Over the insulation is woven a cotton braid, which is 
col^d to imitate oak, mahogany, or cherry finish. The conductors 
are twisted together, the length of a twist not exceeding 2 inches. 

UNBMBN'S TOOLS. 

Climbers. A word should be said here about the nature of the 
tools used by the lineman, and the method of using thent The first 
requisite in the lineman's kit of tools is the climbing irons, or spurSv.as 
they are called. These are worn to assist in climbing up and down 
the pole. They are made in two forms as shown in Figs. 168 and 169. 
Both types are made of wrought iron, with a steel spur welded on. 

In Fig. 168 is shown what is termed the ''Western* spur 

from the fact that it is used more 

}^ iRi ^^ ^^^^ ^^ ^' ^^^ United States 

than in the East It consists of 
a wrought iron strip a, the upper 
end being shaped into an " eye * 
c, while the other end is bent at 
right angles to pass under the 
instep, curving upward slightly to 
Fig. i«i>. give the foot a firm hold. At the 

extremity is the wrought steel 
spur h, which bends downward — so that it can be jabbed into the 
pole by an inward and downward motion of the foot The device is 
held in place by a strip passing through its " eye," and around the 
upper part of the thigh of the climber. The strip a is on the out- 
side of the leg when in place. 

In the Eastern type shown in Fig. 169 the strip is equipped 
with an " eye " at the upper and also at the lower end, the former 
being shown at b and the latter at c. The spur d is welded to the 
lower part of the strip. When in place the strap a is on the inside 
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Fig. 170 



of the leg, and is held ia place by two leather straps, one passing 
through the eye c and the other passing through the eye b. 

One of these types is about as good as the other, the Western 
being somewhat simpler in construction and easier of adjustment 

In climbing, the pole is grasped with the fingers and lower part 
of the palms of the hand, and 
the spurs are jabbed into the 
side of the pole with a down- 
ward thjrust Care should be 
taken not to "hug" the pole 
but to hold on at arm's length. 

To be a good climber requires a cool head and strong muscles, and it 
is well for a beginner to practice at moderate heights — say 15 feet 
in order to accustom himself to the work before he attempts to 

climb higher. 

Pliers and Wrenches. In addition to the ordinary pliers 

used, the lineman carries a wrench, shown in Fig. 170. It is made 
in the form of ordinary 9-inch pliers, but is equipped with two sets 
of circular jaws shown at a a! and h h\ the former being for No. 8 

wire and the latter for No. 12. 
The wrench is held closed by a 
lock c, which holds the two 
handles together. This wrench 
is used to twist Mclntire sleeve 
joints. Two such wrenches 
are used together, one being 
clasped over one end of the 
sleeve and held rigid, while 
the other is clasped over the opposite end of the sleeve and rotated 
until the requisite number of twists have been made. 

Come Alonsrs. This term is used to denote the mechanism 
used to pull up open wires to the proper tension. The device is shown 
in Fig. 171. It consists of a set of jaws a and h, which are pivoted 
to two links at e'" and e' respectively. These links are strapped 
together by pivoted joints at e and e", so that by pulling on the " eye " 
c the jaws are brought together, always maintaining a parallel posi- 
tion. The wire to be pulled up is placed between the two jaws as 
shown at d, the whole being drawn up by a rope attached to c. 
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TELEPHONE EXCHANGES 

The subject to be studied now is the method employed to so 
terminate telephone lines, that the proper connection can be made 
when one subscriber wishes to converse with another. This sub- 
ject naturally divides itself under two heads : first, the terminating 
lines as they enter the exchange building ; and second, the arrange- 
ment of these terminals, so tliat tlie proper connections can be 
made. To accomplish the desired results, two pieces of apparatus 
are necessary: that used in properly terminating the lines is called 
Tlie Diatrihuting Board. That used in properly arranging the ter- 
minals so that connections may be made, is called The Switchboard, 
Auxiliary apparatus is also needed, but it should be remembered, 
that the two principal pieces of apparatus in a telephone exchange 
are the distributing board, and the switchboard. In dealing with 
the subject of telephone exchanges, the terminating of the lines 
will be considered lii-st, and later the distributing board will be 
described in detail. 

The design and use of a distributing board is based upon the 
following principles. All wires entering an exchange, whether of 
the open-wire or cable type, must be permanently connected to 
fixed terminals. All wires runiiiiig between the distributing board 
and the switchbojud, nmst be permanently connected at the for- 
mer end to lixed teiiniiials. These two sets of terminals nmst be 
so arranged with respect to on(» anollier as to be really connected 
together, or disconnected aecordiiiL( to the needs of the case. 

Hy this means, the two systi'uis of wiring — that entering the 
exclian^e from without, and tliat between the switchboard and the 
distributing board — are entin^ly independent of one another, and 
eitlier one can be changed without necessitating a change in the 
otlier. 

Numbering. All condnctors entering an excliange are num- 
bered according lo some system, and tlie nnmbers are placed 0[)- 
posite the terminals on tin? distributing board. The conductoi'S 
on an open-wire line, are numbered to correspond with the pins on 
which they are placed. Hie pins an^ numbered in the following 
manner: standing with the b.ick to the exchange, and facing the 
direction in which the pole line runs the h^ft-hand pin on the top 
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^■z-m is No. 1 ; that to the right of it. No. 2 ; and so on till tlie 
«~ight-hand pin on the top arm is reached, which is No. 10. The 
left-hand pin on the second arm is No. 11 ; and the right-hand pin 
on the same arm, No. 20, and so on to the right-hand pin on the 
l>ottom arm. This system ia maintained whether or not wires are 
ckttached to the pins in con.soLMitive order. For example, snppose 
-fcbat pins Nos. 1, 2, 3 and 4 have wires attached and that the rest 
«=>f the pins are vacant to pin No. 15, the wire on this pin would 
^till be No. 15. 

All cables entering an exchange are numbered consecutively. 
In cities having more than 
csne exchange, cables enter- 
ing one exchange are distin- 
^pjislied from those entering 
^uiother by a different luin- 
«3red. For example, the 
«3ables entering the Broad St. 
lExchange in New York are 
Slumbered from 1 to 99 ; 
those entering the Cortlandt 
St. Exchange in the same city 
are numbered from 100 to 
199. Those entering the 
John St. Exchange are nnm- 
"bered from 200 to 299, etc. 
The conductors in the cable 
are numbered from 1 up. each one taking its nunit)pr from that 
of the binding post in tlie cable box to wliicli it is attucbwl. Thu 
wires running to the 8wit<;hboard are nnnibered in an alto- 
gether different manner, which will be explained. 

Main Distributinj: Board. The style of the dintributing 
board varies with the size of the excliange, and also with tlie ideas 
of the designer. For small excliaiiges, in which TOO or 200 lines 
terminate, it is a very simple affair. In Fig. 172 is shown one 
type of this piece of apparatus used with small exchanges. It 
consists of a board a of maple. The si^e of this board depends 
upon the number of lines to be handled. For lOOdine capacity it 
is about 3 feet by 2 feet, while for 200 lines it is alwut 4 feet by 
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3 feet. Two maple cleats b and b' ai*e fastened to the board, and 
have holes bored in them, shown at <?, c\ c"^ etc., and J, d\ d"^ etc. 
These holes ai*e for the accommodation of the cross-connecting 
wires. The cleats are similar to those used in cable boxes which 
have already been described. Fastened to the face of the board 
by small screws e^ e\ e'', etc., are brass clips, one of which is shown 
in detiiil at x. The hole through which the screw passes is shown 
at y. There is a nick in each end of the lug for the wire ; one of 
them being shown at 2. 

The lugs in each group correspond in number to the number 
of conductors handled; the one shown in Fig. 172 having a capac- 
ity of 50 lines. 

The lines coming in from the outside, are brought to the back 
of the board and soldered to the lugs, being passed through holes 
for the purpose. The conductors from die switchboard are treated 
in a simihir manner and soldered to the bottom row. The cross- 
connecting wire is run on the face of the board, and is passed 
through the proper holes in the cleats, and soldered to the oppo- 
site side of the lug. Referring to the detail, the outside wire 
would be soldered at 2, and the swichboard wire at w. For cross- 
connecting purposes, the wire is the same as that used in cable 
boxes. 

This form of distributing board is very compact and admits 
of the connection being estjiblislied between any switchboard wire 
and any pair of wires coming in from outside. 

There are certain essential fixtures wliic^h this form of board 
does not possess, and which are absolutely ni/cessary in a distribut- 
ing board in an exchange of any considerable size. Fii-st, this 
arrangement of terminals is not the most economical as reganls 
space. Second, it does not make provision for protecting the 
switchlxiard from lightning or foreign currents. Third, it is very 
difficult to get at the inner lugs for soldering wires or breaking 
connections. Fourth, it does not aflord an easy way of opening a 
line for testing. While it is not essential to have the high-poten- 
tial protecting apparatus mounted on the distributing board, and 
while many excellent boards have been designed without this 
feature, it is absolutely necessary that a distributing board for a 
large exchange should possess the other features. 
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Hlbbard Distributing Board. In Fig. 173 is shown adistrib- 
utUig board designed by Mr. Hibbard, whicb, although now out- 
of-date, was formerly extensively used. It consists of an iron rack 
itpon one aide of which are fastened wooden horizontal strips 
shown at a, a', ete. On the opposite side, the same kind of 
strips are fastened vertically as shown at e, e', e", etc. Down the 
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center of the rack run horizontal iron rails d, d', d," ete. to which 
are fastened rings. The wooden strips hiive holes bored through 
the center, and on opposite sides are mounted brass punchings as 
shown in the detail, where the hole is 4it x, and the punchings at 
y, y*. Two of thftse punchings are shown at e and c*. 

The method of using this rack is as follows: The cables from 
outside are formed upon the inside of the vertical strips, the con- 
ductors being passed through the holes. Pairs are connected to 
the Ings on the opposite sides of a hole. The conductors from 
the switchboard are formed upon the inner side of the horizontal 
rails, and connected in the s.tme manner as described for the cable 



TELEPHONY 



coDiliictors. The croas-coanecting wirea are broagbt over the 
edges of the rail and solderad to the outside ends of the lugs. 
The croBS-coniiecting wirea aie passed from the horizontal rail 
diagonally to the ring opposite the proper vertical strip, and 
tlieiice through the ring t^t the proper lug. With this form of 
distributing iKuud, the cable coiiductois are soldered to the lugs 
on the horizontal niila, while the switchboard wires are soldered 
to those on the vertical rails. 

As has already been stated, this form of distributing board 
does not provide for tiie proper protection of the wires, so that 
additional facilities for furnishing protection must be at hand. 
The standard method of accomplish- 
ing this is to terminate the cable 
in what is known as a cable head 
„ which contains the desired protecting 
apparatus. One form of cable head 
t-' is 8ho^vn in Fig. 174, where a repre- 
sents a cast-iron box, equipped at the 
hack with lugs &, b', b', b", for fasten- 
ing it securely to some suitable sup- 
port. Over the front of the box fits 
a lid c, which, by means of a rubber 
gasket T, forms an air-tight cover. 
It is held in place by means of screws, 
(f, d', d", etc. which fit into holes 
drilled imd tapped into the edge of 
the box. Pi-ojecting from the bottom 
of the box, itndsi'onrt>d to it by means of a lock-nut, is a brass sleeve 
e, Xx> which, l)y moans of a wiped joint, the sleeve of the sheaHi 
is attaclied. I'lMJifling thmuglj the sides of the box.aa shown at 
/./'./", etc. arc ihv connectoi-s. They consist of hollow tubes of 
(iIht held ill phu-e by lock-nuts. At the inner end of each is a 
binding post for attiiching the cable conductors, while ut the outer 
end is a lirger one fur attaching the cross-connecting wire. Run- 
ning through the iil>er tube and attached to both binding .posts is 
a fuse, for protection against an abnormally large current. 

When a cable terminates in a cable head, it is not oeceBsaiy 
to make use of a pot head ; it is sufficient to wipe the sheath to 
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tiie brasB sleeve as already explained. The erosB-connecting wire 
running from these terminals is soldered to the lugs on the hori- 
zontal rula of the distributing board. After the cable conductois 
have been properly fastened to the binding posts, hot paraffine is 
poured into the cable head several times, and wbile the inside is 
still hot, the lid is securely fastened. 

The numbering of the binding posts begins on the left-hand 
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side of the box at the top. The 
top front binding post is No. 1 ; 
that slightly lower and to the 
rear of the box is No. 2 ; that 
directly under No. 1 is No. 3, 
etc This system is continued 
on the opposite side of the box 
beginning at the top and ending 
at the bottom. 

The disadvantages of this 
method of terminating a cable 
are the exti-a cost of the box, 
and the extra run of cross- ' 
connecting wire from the cable 
terminal to the distributing 
board. While the fuse is a suit- ' 
able protection against almormitl 
currents, it is not aufficient pro- 
tection against the damage due 
to a sudden charging of the Une 
with a high potential as in the 
case of thunder storms. 

Pord-Lenfest Distributlns Board. To do away with the 
cable terminal, and to place t)ie necessary protetitiiig apparatus in 
the most convenient place tbeform of distributing board shown in 
Fig. 175 was devised. It consists of a series of vertical iron 
beams of which two are shown at a and a'. Tliey are held 
securely together by flat iron bars rf, d', d", etc. These horizontal 
bars are fastened to the angles by bolts. Running at right angles 
to d, d', d'f etc. is a second set of flat iron bars c, </, aud c", etc., 
which are bolted to the verticals, and which carry at one end a 
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bgaTv, Trrrti'i-.il iT'-z. ^zriz' ./- /. 4n»i ac the other ea*l, wood«rn chan- 
nel : i-r'-^-^. './'-.'"'• '^'' • T-r-e .ha^n'rl piaiiss ^hioh are of maple, 
carri- a ?-rrl-r- •.: r-r^.-sT I :-?? imr.r^'i in gr»»uj«sw each groap taking 
ur. :!:■? srts.e ?^: vrrr:. :'»> :- r.vircariTe Lorlzoniai suppi^rts. Each 

T':.-r rr 'i v^rTi" ■: o .e ■: ::*-sr: t.Tianael pieces is shown at a in 
Fig. IT';. M :i:.:-^i ::. t:.^ •■ aria-rl is a hanl-rabber strip <% into 

w:.. L ?'.■ :.■• iirv oj: lor the acoommi^dation of the 
\-:jr>. Tr.-r-r sl'»is are of sufficient depth to allow 
tL- t'-:- .•! u.r lug to pniject ab^ut ^.y of an inch. 
Oil t. ji i.f li.is Is placed a second hari-mbber 
>t.:p • ' whi.h i< securely bolted to the first one 
a:.'i to th** i^ai'ir strip bvbniss bolta, one of which 
Is sh-"«'.vn at •/. The lugs are made with two ears, 
f aii'l ''. Two holes h and h' are bored through 
the eliannel piere oj-ptisite each pair of lugs for 
the ac«:oninnHl.iti'->n <tf the wires. To the vertical 
irfiFi strij»s // a:;fl //• F"it:. 175, are attached the protecting device 
toU.'dt.->cnJ)ed iliu-«tly. I{i:.i:< *•, e\ etc.. Fig. 175, are fastened to 
the horiz^»nt;tl brai ^^3 at ea-Ii section for the accommodation 
(t( the <Tf'S&-<'MiirieLtiiicr wiivs. 

This fMiin nf iii.iiii di-tnlnitiiiir frame is used exclusively by 
the H»ll C'«nnia:iit*<, anl irj iiKi<k' in two forms, known as the 4a 
aii^l 41) fiamt'. In th»' la fr.inn'. tli»» t-able comliictoi-s are attached 
to th«' \u'^> an th»' hoiiz'>nial c li.in!ifl [lieces; while in the 4b frame, 
the calile con<liictors an* cnmitrttil to the protecting apparatus ou 
the vertical sidtf. In th«* 4a fianie, the switchlx»ard wires are at- 
tac 1i«m1 to the prnit/fiiiiir apparatus, while in the 4b frame, they are 
attachi-d to thr In^rs on thr horizontal side. In F^i*^. 175, a cable 
is shown at n, cuniini,^ n{> tliionjzh a hole in the floor. It is fanned 
out at tli<* rear of tlu* strip, and its conductora are brought through 
the bottom row of holes and sol(U*red to the lugs. A cross-con- 
nec'tini^ wire is shown at m ; it is soldered to the upper ejirs of the 
lu^rs, and broui^ht throujrli the rini^ c" to the vertical side. 

Th(* only diffenMicti in the make-up of the 4a and 4b frames 
lies in the style of protc<-lin,ij^ d(?vi<*(». The 4a protection is shown in 
V\*r. 177. At a is sh(»wn in cross-seetion the ii*on stripe/' in Fig. 
175. Mounted ou this strip is the protection which consists for 
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each line of the followiDg appamtus : On two hard-rubber blocks 
e e' are placed two German-silver springs d d', with the ends bent 
up into lugs aa ahown. The opposite ends are slightly bent, one 
rests on the carbon block g, and the other on the carbon block g". 
Firmly attached to each spring by rivets is a flexible strip of 
German silver, one of which is shown at e, and the other at e'. 
Resting on the two hard-rubber blocks r and t' are the two springs 
/ and »' 6ha|)ed as shown. Fittiiii; into a hole drilled through r, <\ 
a, 0* and r', are two hard-rubber sleeves n and n>, the latter tieing' 
provided with u shonlder which rests against the spring i. 
Through the center of these tubes 
passes a brass bolt /. It is held 
in place by a nut j> resting on the 
lug i> and one at the opposite end 
resting against the end of the 
short, hard-rubU'r sleeve q. In 
this way the lug o is in electrical 
contact throngh the bolt I and the 
nut p, with the spring ff while 
the three remaining springs are 
insulated from one another. 
Fastened to the end of a is a Ger- 
man-silver strip y, against which 
rest the two carbon blocks h and 
^', which in turn rest against y 
and (/" respectively- Tlio s|iaceH 
between tf and /', and t/' and /i' 

are filled with a thin sheet of 

fi«. ill. 
mica. 

At a and ^ are shown two pieces of apparatus called heat 

coils, shown in detail iii Fig. 178. A heat coil consists of a fiber 

shell a, with a brass pin e passing through its center; soldered to 

this pin is a brass sleeve d so placed tliat there is an interval of 

about ^ inch between its upper end and the top of the fiber shell. 

A coil of very fine wire, insulated with silk and cotton covering, 

is wound around this sleeve, one end being soldered tu the sleeve, 

and the other to a brass plate placed on top of the shell. At o is 

shown a small filter projection. Returning to Fig. 177 ; the heat 
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coil is ao placed tbat the fiber projectioa o fita into a slot in the 
spring i or i' and the pin e passing through a hole m d or d' rests 
on the German-silver strip e or e' as the case may be. The sleeve 
d. Fig. 178, rests on the edges of the hole and with the tension of 
the outer springs holds the heat coil in place. Starting from the 
lug 0, Fig. 177, a circuit is formed through the brass bolt I to the 
spring d', and thence to the sleeve of the heat cnil 9', Tlirough 
the winding of this coil it passes to the brass cap which rests 
against the sprii^ i', and thence to the lug at its end. Starting 
from the spring d, a circuit is made through the heat coil to the 
spring t, and thence to the lug i'. Tlie cross-connecting wire, 
coming from the lugs at the horizontal side of the frame to which 
the underground conductors are also attached, is connected to the 
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lugs and d, while the switchboard wire is connected to the lugs 
i and i'. 

The carbon plates are shown in detail in Fig. 179. It will 
be seen from the end view that tlie upper plate ff is slotted at b, so 
that the springs d or d' will liold it securely and not allow it to 
fall out of place. The lower carbon has a depression a in its up- 
per surface which is filled with solder, care being taken to have 
the surface of the solder flush with that of tlie carbon. The mica 
separating the carbons is shown at e. It is about A inch in thick- 



The action of the arrester is as follows : A high [wtential 
coming in on the line, as for example a charge of lightning, would 
pass over the springs d and d', called the gi-ound springs, and 
reaching the carbons ff and g' would arc across the spaces between 
them and the other carbons A and h\ through the gap in the micas. 
This arc would melt the fuse a, Fig. 179, forming a permanent con- 
nection between the two carbons. The iron strip a. Fig, 177, being 
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pennanently grounded, a path is afforded directly to earth, thus 
saving the exchange wiring and apparatus from destruction. Wlien 
the discharge has taken phice all that i^ necessary is to replace the 
carbon plates by new ones, and blow away whatever carbon dust 
may bare accumulated. 

Should an abnormal current come in on the line of a i>oteii- 
tial not sufficient to arc between the carbons, it will pass throngli 
the heat coils, and fuse the wire, opening tiio circuit toward tlie 
exchange. The heat produced would, in addition to fusing the 
wire, melt the solder which holds the sleeve d, Fig. 178, in place ; 
and as a result, the pressure of the outer spring would pusli the 
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heat coil down till the pin, driving before it the strip '■, Fig, 177, 
would press it against the strip./; thereby grounding the lino, and 
affording a safe path for the current. 

In Fig. 180 is shown the 4b arrester, and it diffei-s fixim tho 
4a only in the method of mounting the springs. It will be seen 
that the lug o is electrically connected through the bolt / to tin; 
Bpring i", while the remaining springa are insulated from otic an- 
other. The wires of the outside cable arc soldered t<> the lugs d 
and d", while the cross-connecting wire is fastened to the lugs o 
and «'. In every other respeet, ami in the action, this stylo of 
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arrester is identiciil with that already described. In Fig. 181 is 
shown part of a vertical fanning strip, not shown in Fig. 176, but 
which is mounted on the horizontal flat irons c, d^ etc. This con- 
sists of two parts, one sliown at a, being comparatively wide, and 
having recesses cut in it for the iron braces to pass through. A 
second narrow strip 5, is screwed on to the side of a, and serves to 
hold tlie latter rigidly. In a are drilled two rows of holes, c, /, g^ 
A, etc., and e\f^ <j\ h\ etc. They ai-e about \ inch in diameter. In 
b is drilled a row of holes t, i\ i^, i"\ etc., of a diameter of ^ inch. 
In a 4a frame, the wires from tlie switchboard are passed through 
the smaller lioles, while the cross-connecting wire is passed through 
the larger. Tlie vertical spacing between the holes is J inch, the 
same as that between the arrester springs. In the 4b frame, the 
conductors of the cable pass through the small holes, but the cross- 
connecting wire pa&ses through the large ones. In Fig. 177, the 
plan of the fanning strip is shown at x^ the hole for the cross-con- 
necting wire at y, and that for the switchboard wires at z and «'. 
In Fig. 180, the cable conductors pass through the holes z and «', 
while the cross-connecting wire piusses through the hole y. 

SWITCHBOARD. 

The swiU'hhojird is that piece of the apparatus in which the 
lint's \\vi\ so arrani^^cd that the pro{)er connections can be made. 

In the most sinipli* form of switchl)oard, all the lines termi- 
natii within reach of one operator who is thus enabled to handle 
all the business. The essential parts of sueh a switchboard maybe? 
(Iftinrd as follows; First — the line terminals, designed ancL 
phiceil to enabh^ the operator to connect herself with each and alL 
of thi* circuits. Si'cond — the line signals, constructed and placecL 
to give notiiH; to the operator when the subscriber wants attention* 
Third the necessary connectinir circuits, for esUiblishing th& 
proper connections between the line terminals, and also to enable 
the operator to connect hei-seirwith any line terminal to learn the 
wish of the subscrilHM\ Fourth — a key wired to each connecting 
cord circuit, to enable the operator to cut in her telephone circuit 
t>n the connecting circuit for the necessary ctmvei'sation with the 
snbscrilMM". Fifth — a signal placed on each connecting-cord 
circuit to enable the subscribei*s to signal the operator upon 
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-^^ completion of a conversation, in order that the connection may 
^^^ taken down. Sixth — an additional key placed on each con- 
^^ Acting-cord circuit to enable the operator to cut in on it and an 
•alternating current of suitable potential to enable the operator to 
^^Hil the subscribers. 

Th6 line terminals are Galled jacks. They are made of brass 
of various designs, and so constructed as to be placed in rows. 
The line signals take the form of magnetic drops, and are called 
line drops. The connecting-cord circuit is wired permanently to 
the switchboard, and terminates at both ends in a flexible cord and 
plug for uiserting into the jack. The circuit of a switchboard is 
shown in Fig. 183. Two subscriber lines are shown, and for con- 
venience, one is shown terminated on a 4a distributing board, 
while the other is shown terminated on a 4b board. Referring to 
the upper one ; the cable conductors terminate on the horizontal 
side, the wavy lines denoting the cross-connecting wires. At b and 
b' are shown the carbon-block lightning arresters, and at c and c' 
the heat coils. Referring to the lower line, the cable conductors 
are terminated on the vertical side of the distributing board, the 
lightning arresters being shown at fi. b\ and the heat coils at <?, and 
i/. As before, the wavy lines denote the cross-connecting wires. 
The two line jacks are shown at d and d\ and are constructed as 
follows : Referring to the upper one « is a brass ring shown in 
section 1, a German-silver spring, which normally makes contact 
with the point indicated by the arrow. To this contact is wired 
one side of the drop, the other side being permanently connected 
to the ring. The drop is shown at x and consists of the ordinary 
form of electro-magnet, with a pivoted armature and a brass shut- 
ter, which is allowed to fall when the former is attracted to the 
pole pieces. The two plugs of the operator's cord circuit are 
shown at p and p'. Each one consists of two metallic parts insu- 
lated from one another (called the tip) shown at 3 and 5. The 
shank or sleeve is shown at 4 and 6. The two flexible cords ex- 
tend from the two plugs to the connectors w and w\ and w^^ and 
w'j, respectively. 

At R and R'' are shown the two ringing keys, used for throwing 
the alternating current onto the line to call the subscriber. Each 
one of these keys consists of two normal German-silver springs 9 
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to tlie oi»er,itor ui»»n iLe C'»mpItrtion of the conversation. The 
drop is [>♦.'! inaii»-'iiL:y bii«l;^^'d aoioss the circuit, and must be of 
liii'h iii]T>e'liiiice. It is wound to a resistance of 500 ohms. 

At I is shown the li>tenin2r key. This differs from the ring- 
ing k^.-y in that there are no inner contacts. The normal springs 
are brid'^ed across the line, ami the outer ones are connected to 
the o[>erator\s telephone circuit. The ringing current generator is 
Hhown at h. The method of operating is as follows: One of the 
Huhs' Til>M-s, for example the one whose line is connected to the 
jack rj^ desiring to converse with another one, rings with the gen- 
erator at his telephone and throws the shutter of the drop x. The 
oficrator upon seeing the drop fall, introduces the plug p' into the 
jack, the tip 5 touching the spring 1, while the shank 6 makes 
contact with the ring 2. The spring 1 is raised, breaking con- 
tact with the drop at the arrow point. The drop is thus cut off. 
Tlii.H is ncjeessary, otherwise the presence of the drop bridged 
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^^^ross the line would seriously reduce transmission as has already 
kieen explained in connection with the series bell. A circuit is 
snow formed from the jack through the tip and sleeve of the plug 
smnd the cord, to the normal contacts of the ringing key R\ thence 
^lirough the inner contacts IX and 12 to the cord circuit wiring. 
"The operator, by adjusting her listening key /, cuts her telephone 
"i II on this circuit and communicates with the subscriber. Upon 
leai-ning that the calling subscriber wishes to communicate with 
-the subscriber whose line is connected to jack d\ she introduces 
^he plug|7 into the jack, thereby cutting off tlie drop x' as already 
c-lescribed. The ringing key R is then depressed with the result 
that the ringing current is thrown on the line, thus ringing the bell 
^t the called subscriber's telephone. It should be obsei-ved that 
"^yhen the bell at a subscriber's station is rung, the cord circuit is 
open towards the other one. The reason of this is that the call- 
ing subscriber who is waiting with the receiver at his ear would 
otherwise receive the very unpleasant sensation of having the ring- 
ing current pass through its coils when held in that position. 
^Again the presence of the calling subscriber's receiver bridged 
^icrass the line would shunt so much current that the called sub- 
scriber's bell would ring veiy faintly if at all. 

During the conversation the two-line drops x and r' are cut off 
:from their respective lines, and the only signal witliin reach of 
either subscriber is the clearing-out dropw. Upon the completion 
of the conversation the act of one or more of the subscribers ring- 
ing, throws the clearing-out drop, thus giving the signal to the 
operator that the connection must be taken down. The operator 
can, by means of her listening key /, listen in on the circuit. The 
opemtor can establish as many simultaneous connections as she 
has cord circuits. The number varies from 5 to 12 according to 
the magnitude of the business to be handled. 

With the exception of tlie ringing-current generator, and the 
operator's telephone circuit, each cord circuit is made up of the 
apparatus shown in Fig. 183. The ringing generator and tlie 
operator's telephone circuit are common to all the cord circuits. 
When the telephone business started, there were many differ- 
ent systems of opeititing, each requiring its peculiar form of ap- 
paratus. None of those systems are now in use. Only two of 
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i£*KL -w^I te 3it*?i2a:cit*i irrr*. T"-*J *» ^i*^ iTlwaft* Sy^ent, and 
liir X/r«f J?MC-f»- Ii :iiT ::r=jer. li? I;-.^ signals were placed 
v»rriir-r Ll ki. kr-:.-i'.-it: r 't:!. l i -ror -•: ihrr operators was der 
ik^l-r*! -:• vfc:.! 1 tll '^.n;. ^ *: ^ lAvr wrre a naxnber of oper- 
az.»w Vb;- *'i-.:.:i.r-i i:. :<: iirr s-^ncir/c^trr liae whotse number was 
cfcllr»i :■-• Ij ^i-f t:::- :^. -*: r •>:t^^:»^>r. AaJ ascertained the num- 
ber re^i-ir^L Tbr -x-rrA:.: :* r-n ^kve iinr calling and the c«Uled 
E.-— Vrs ^r- kz ::trr»:c-r ilt/ei *; :r.e switchboanl. termed the 
«w:..l.-i: ic-era:. 7, ml:. r>: .' i.i>r«d ihe <>~*nnectioii. This svstem 
ziiof tLkn anj -rir.rr f -:»riiir^i lit- Tray f r ihi«se no%v in use. 

Tbr Lat <y5>:<r3:-, il:'.o"ic"k n .'-x ..-riSfc^lfie, piroveil very success- 
ful for :hr ii5r-> :. wLl^L i: w^a. A^iipied. In outline the svstem 
w.-^ iS : 11 ITT-: All xIjt >u:i*crlr»r-rs" telephones were placed on 
or.r wire, in '•'ar. ;-.> :Lr dllir^ wire. When the subscriber 
wi-Lrd to ciaII the oj^rjtor, r.^ went :u on the calling wire. 
Si:.-.e all suyts^rr-rrs were on :htr s.ime calling-wire, the pjirty 
callinj: L*'.i t** irive his c:;nil^r .uid that of the party required. 
Uj.»:«n S-? d'»:r.g ihr j:«-*rty w,>vild esUiM;>h the connection. The 
principal fea:ure of thi> system was the fact that a very small 
switoLbiAirl w»is nreded. When, however, the volimie of business 
beccinie heavy, i: was 1.^ ;:aI :•• Iv inadequate and went out of use. 

Sw::..l.'' .ird< in use to-«iav, m iv l»e divideil into two classes: 
St'ini irj liiA J/<''»y.V. The i-rmrr inward is so made up that 
each line eiit'-ri:.;^ the exoh;i:ij:t- :. is o!ie tt^niiinal. or jack, and only 
one. The miltiile sy-^tein is b;\^vd «»n the fact that every line en- 
tering the exehanije has a jack within reacli of every operator. 

Bt'ft»re taking up in deuiil the methixl of construction of the 
standard switchlnurd it will be n<.ee-sary to say something about 
the nature f»f the construrtion of the t-ssential pieces of appanitus 
of a switehlxjard. Let us take them in the order named : The 
type of jack used in the standard switchlK>ard is constructed as 
shown in Fig. 183a. It consists of a brass casting shaped cylindri- 
cally at a, and cut out in the middle x ^' / e c 
with a rectangular enlargement h at tlie 
opposite end. The cylindrical end is 
shglitly hollowed out in the center, and 
llie extremities are neatly turned as ' Fig. 183a. 

shown at x and /; hy means of the 
\ni\r. through the lug / tlie jack is screwed to the switchboard. 
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Fastened to b, but insulated therefmin by the hnrd-nibber strip 
e, is tbe Oerman-etlver spring e the end of which is heiit as hIiowii 
to make contact with tlie tip of the plug- A second spring g, 
fastened to b but insulated therefrom by the liard-rubber strip d. 




, Fig. 184. 

ia provided with a point A, wliich paijHes through a hole in the 
casting and makes contact with e. 

The two conductoi-s of the subsoriber'a circuit are soldered 
to the punchinga e' iind /. One side of the drop circuit is 
soldered to /and the other to ;/. 'riieae jacks iii-e usually 
mounted in a hard-rubber panel ciilleil tlie jiick psinel, which 
forms part of the face of the awitehboiird. Next the line signal 
01 drop is shown in Fig. 184, where the two magnet coils are 
shown at a and A, and the plate upon which they are mounted, at 
c. This plate is equipped with two projections e' e' from which 

s w 




Fig. 185. 



is pivoted the armature A. This armature has attached to it a 
stiff steel wire /, the other end of whicli is shaped to hold the 
drop y in place. When the ni;^tiet coils are energized, the 
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armature is attracted to the poles, lifting the steel rod / and 
allowing the shutter to fall. The face of the drop is shown at x 
iiiid the shutter in tlie fallen position, at y. The ringing and 
listening keys are shown in Figa. 185 and 186 respectively. The 
ringing key consists of a brass frame a at the bottom of which is 
mounted a hard-rubber strip 6. Upon this strip are mounted the 
contact points i i^ wiih their respective lugs i' and t, to which the 
wires are soldered. Mounted on 4 hard-rubber blocks h, h', h , 
and h^, are 4 springs K,j, K' andy', with their respective lugs IC, 
}', K\ and f. E;tch one of these springs is insulated from ita 
fellows. A brass plunger c passes through holes in a and b, and 
screws into a hard-rubber wedge d. A hard-rubber button e is 
screwed to the top of this plunger ; a spiral spring / which is 




fig. 181. 



wound arotind c has one end butting against e, and the other 
against a. The brass sleeve g prevents the button e from being 
depressed too far. The action of the key has already been 
explained. 

liiuging keys are usually mounted in a row, tlie two tm each 
cord circuit being placed as shown in the right-hand figure. The 
listening key is shown in Fig. ISO anil ita construction will 
readily be understood from what 1ms been said about the rin^ng 
key. 

There remains to be described, the signals on the operator's 
cord circuits called the "clearing-out drops." One of these is 
shown in Fig. 187. It differs in construction from the line drop, 
in that it liiis <inly one eorti, whii;h is considerably longer than 
those of the line drop. By actual measurement, the cores of the 
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line drop are an incli and a Iialf long while that of the clearing- 
otit drop is 2J- inches long. The magiietic coil is encased in an 
iron shell a, terminating at one end in a shoulder with lugs shown 
at m and m'. From these lugs is pivoted the ar- 
mature d. Two circular holes are cut into the ' 
armature, through which are brought the terminals 
of the coil, shown at o and o'. To prevent the , 
coil terminals making contact with t)ie armature, "^ 
these two holes are bushed with Imrd-ruhlier rings 
e and e'. The face of the drop is siiown at 6, 
while the shutter is seen at c. The st«el wire 
holding the shutter in position is shown at n. 
The catch at the end of this rod, called the arrow, 
is shown more clearly at x, tlie face of tiie drop 
being shown at z and the shutter at y. Since 
these drops are always in the circuit, and since 
several of them are placed side by side, it is neciss- 
sary to equip each one ^vith an iron shell a to pre- 
vent cross talk by their mutual electro-magnetic 
induction. The action of the shell is to short circuit the lines of 
force, emanating from the coil so that no field will be present in 
the surrounding space to affect tlie coils of the adjacent drops. 

The plugs which form the terminals of the cord circuits, 
deserve notice. One of them is shown in Fig. 188. It consists 
of a hollow brass cylinder a turned down at one und into ii sliank. 
Placed inside of this is a hard-rubber sleeve e. Through the 
center of the sleeve is a steel l>olt i enlarged at oni: end as sliown 





at d. Onto the opposite end is screwed a bra-ss ball, called the 
tip and shown at /. Fitting over tiie brass cylinder is a fiber 
sleeve g. One conductor of the cord circuit is connected to the 
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tip of the plug by a screw fitting into the hole (; while the 
other conductor is connected to the shank by a screw fitting into 
the hole 8. It will be seen that the tip is completely inaulated 
from the shank by means o£ the hard-rubber sleeve e. The fiber 
sleeve g is provided to aSoid an insulated handle for the operator 
to take hold of. At x and g are shown the spnng contact and 
the ring of the jack respectively, thus illustrating the condition 
when the plug is introduced into the jack. 

In Fig. 189 is sliown a flexible cord, which, as has been 
stated, forms part of the connecting circuit. It consists of two 
strands a and b, each made up of many fine copper threads bo as 





Fig. 191. Pig. 102. 

to be very Sexible. The straining cord is shown at g. They are 
covered with two windings of cotton bniid shown st e and d. 
Over the two is wound a brass spiral e, which protects the strands 
from mechanical injury, and yet retains the flexibility. Over 
this spiral are wound three layers of heavy cotton braid shown at 
/. One end of the cord is ehown entered into the plug, which, 
while it is of a somewliat different design from that shown in Fig. 
188, yet retains tlie same essential features. The opposite end of 
thecord is shown frayed out. In actual fact, each strand termi- 
nates in some form of terminal to enable it to be readily connected 
to and disconnected from the ends of the cord circuit wiring. 

One method of terminating the stiiinds is shown in Fig. 190. 
It conabts of soldering tlie ends of the two strands to two spirals 
made of brass wire and shown at a and h ; the soldering portions 
being shown at m and o. These spiral springs are quite Sexible, 
and in addition form good electricii) contact. The method of 
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using them is shown in Fig. 191, where a peculiarly shaped brass 
punching shown at b is screwed to the upper surface of the board 
c, called the cord shelf. To the short lug of this punching is 
soldered the wire of the connecting circuit. The long lug is per- 
forated by two holes through which is threaded the spiral, in the 
manner shown at a. The two punchings forming the terminals of 
the two sides of cord-circuit wiring are placed side by side on the 
cord shelf as shown in Fig. 192, the long lugs being shown at a 
and 6, and the portions of the spirals threaded through the holes 
at cc and dd. 
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FELEPHONY, 

PART IV. 



TELEPHONE EXCHANGES.— (Continued.) 

Switchboard Cable and Switchboard Wire. It has already 
been shown that the lines are brought from without to the main 
distributing board either in lead-covered or braid-covered cables, 
and that they are brought across fo the switchboard side of this 
piece of apparatus by cross-connecting wires. 

All lines running from the main distributing board to the 

switchboard, with the exception of those carrying the transmitter 

battery current, ringing current, and whatever other comparatively 

heavy current may be provided, are carried in what is known as a 

Bwitchboard cable. This cable is made up in various sizes, the 

number of pairs of conductors varying with the work required. 

For standard boards, the cable is made up of 20 pairs for working 

purposes, and one or two extras called S2)ar6 pairs^ to be used in 

the event of the failure of any of the regular pairs. The wire used 

is No. 22 B. &, S. gauge, tinned; the insulation consists of a layer 

of silk thread wound over the wire, and a superimposed layer of 

cotton thread. This insulation is technically known as douhle 

^ilk and cotton. The pairs are bound together by two layers of 

ciry paper, over which is wrapped a layer of tin foil. The outside 

clover consists of two layers of heavy cotton braid saturated with 

J>owdered soapstone and painted. One conductor of each pair is 

C5o>vered with colored cotton thread while its mate is white. 

In all switchboard cables used by the Bell companies, and in 
t^lxose used by the large independent companies, a system of color- 
i*^g is maintained, to assist in distinguishing the pairs. The 
•rangement of the colors is as follows : Blue, Orange, Green, 
rown, Drab or Slate, Blue and White threads mixed, Blue and 
^^range mixed, Blue and Green, Blue and Brown, Blue and Slate, 
'nnge and White, Orange and Green, Orange and Brown, Orange 
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and Slate, Green and White, (rreen and Brown, Green and SUte, 
Slate and White. The colore for the two extra, or spare, pairs are 
usually Red and White, an<i Solid Reii. These cables are oval in 
cross -section, the lonijer diameter beinjr about an inch, and the 
shorter about | inch. In onier to make the proper connections, 
the cable must be fanned out or formt:«i, as it is called, and before 

this is done the location of the 
^ 1. ^ _ luijs or terminaU to which the 
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wires are to be attached must 
l>e known. 

In making a cable^ the follow. 
ing p)ints of information should 
l)e obtained, as shown in Fig. 
l'.>3. The distance between the 
hitrhest and the lowest lugs; the 
distance from the surface on 
which the cable is to rest, to the 
line of luos farthest removed. 
In the illustration, the first dis- 
tance is that Ijetween the lines a 
and h; and the second distance, 
that !>t»tween c and «/. To the 
siiin of these two distances is 
added two inches, which gives 
the distance from the end of the 
i*:il»le to which the lead and braid 
covering is to be removed. This 
distance is called the ^^skimming 
length'\ This having been done 
to ex{K)se the conductors, the 
edcre of the braid covering is 
bound tightly with cotton tape as 
shown. Tliis point is called the 
butt of tlio fonn. Tlie opposite tMid >f is called the tip. Wire 
nails alK)ut two iiH*lu\s in ItMiirth are tticn <1 riven into a board in a 
line, with a Hpacing equal to that iK^twtHMi const^cutive lugs. Tlie 
nail heads sliouhl l>e alloweil to project about one inch. The cable 
is then lai<l down on the lx)ard, with the stripped portion against 
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the nails, the butt being one inch from the first nail. It is then 

securely held in place by two or three leather strips placed over the 

unstripped portion and fastened 

with screws. There are two 

ways of forming a cable — one is 

to have the blue wire at the tip, 

and the other is to have it at the 

butt. This latter form is resorted 

to only for special purposes. 

Assuming the blue wire to 
l>e at the butt, the blue wire with 
its mate is drawn out, and bent 
around the first nail, as shown at 
No. 1, Fig. 194. The orange 
wire with its mate is bent around 
nail No. 2; green around No. 3; 
brown around No. 4, etc., until 
all wires have been so treated. 
It should be noticed that if the 
form is to be that show n in Fig. 
193, and the spacing of the nails 
equal to that between consecutive 
lugs, as a a\ the blue wire will be 
bent around the first nail, and 
the second around No. 2; the 
orange wire around No. 3 and 
its mate around No. 4, etc. The 
wires having been all thus treat- 
ed, the wires are held in position 
by a linen thread wound around 
the cable to bind it at the points 
where the wires bend at right 
angles. For this purpose, the 
best quality linen thread should 
be used, and it should be thor- 
oughly saturated with melted 
wax before using. 




Fig. 194. 
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In Fig. 195 are shown two methods of winding on this thread. 
Tliat at the top is the better for giving a binding hold. The form 
having been thus securely bound together, a distance is measured 
off along the wires from the line of nails at right angles to the 
cable, equal to the distance from the surface on which the cable is 
to rest to the line of lugs. In Fig. 194 this distance is shown be- 
tween the lines (V />, and at this point the insulation is cleaned off 
each wire. In the case of the form shown in Fig. 193 two dis- 
tances must be measured alternately, first to the farthest line of 
lugs, and second, to the nearest line. The wire is cut off, one inch 
from the point where the insulation ends, to allow for working. 
The form is then saturated in melted wax, in the same manner as 
that adopted in connection with j)aper cables. The form having 
been saturated, it is given a coat of shellac and allowed to dry. 





Fig. 195. 

TIh^ caMo IS tlii'ii rrady for placiiio;, and in so doing it is laid in 
])laco and socmvly held by pieces of leather, such as is useii for 
belt laeinrr, ])laced around the form at intervals of about 15 inches 
and held to the wood by serews. The wires are then drawn through 
the holes in the lu^jjs, bent over sharply, and solderetl. When the 
soIdiT is eool, the free ends of the wires are cut off close to the 
lurr, and tlu^ job is finished. 

In solderino;, irreat care should be taken to have the solderintj 
iron thorouojhly heated. It should then be placed on the lug at 
the ])oint whero the wire ])ass(^s through the hole, until the luir 
itself becoini'S hot enoui^h to make the solder run. 

In makincr a form for the end of the cable that is to Ih.^ con- 
nected to the jacks, the same inetho<^l is adopted. The nails are 
driven in at intervals equal to the spacing of the jacks as they are 
|)laced in the switchboard, and the pairs are formed together. In 
wiring between the jacks and the drops, or between any two points 
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not far remoTed, it is often most economical and convenient to 
make a cable oat of switchboard wire. It ie done as shown in Fig. 
196. The wire used is No. 22 B. & S. gange, donble silk and 
cotton insolatioQ, two conductors twisted together to form a pair. 
The two condactora are dietingnisbed from one another by the 
different coloring of the tusnlation. In making a form of this 
kind, both ends must be done at the same time, and at each form 
two rows of nails must be driven in. These two rows at one end 
are denoted bj the numbers 1 to 5, for the inner row, and 1' to 5', 
for the outer. At the other end they are called by the nninbers 
1' to 5' for the inner and 1', to 5', for the outer. Tlie distance be- 
tween the two rows is one inch in excess of nb in Fig. 104. The 
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FiR. 196. 
«nd of the twisted pair is wound around nail ^o. 1', bo as to 1)e 
held securely, and brought aronnd Ko. 1, thtince to No. 1' to I'l, 
to No. 2', to No. 2', to No. 2, to No. 2„ to No. 3, to No. 3, to No. 
8', to No. 3',, to No. 4',, to No. 4', to No. 4, to No. 4„ to No. 5„ 
to No. 5, to No. 5', ending at No, 5',. Tlie form is thfn sewed 
up in the manner already described, except that the sewing extends 
the whole length of the cable. Ry cutting tlie wire between nitils 
2, and 3,, 4, and 5„ 1', and 2',, ^', and 4\, there remains a made- 
np cable having 5 pairs. A cable of this kind can be made with 
a capacity of almost any number of pairs. It is seldom made, 
however, with a capacity larger than 20 pairs. From this point 
the treatment of the cable is identical with that already de8cril>ed. 
Switchboard cables, or cables made np of switchboard wire, 
ehonld never be placed in damp places, or where water is liable to 
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reach t&em. Iq Bmall exchanges, the best method iB to build « 
false floor npon the real one; the false floor being of snfliciex^^ 
hei^t to acoommodate beneath it all the cables Decessaij, P^7- 
bapa a safer method is to constmct a galvanized sheet-iron dncst, 
made water-tight and placed beneath the floor. This need not Ibe 
done, however, except when the exchange is damp, or where it is 
impoeeible to constmct a &lse floor. 

In Fig. 197 is shown the ead elevation of a standard secti^cDi 
of switchboard. The framewo :^k 
\ ^ is made of mahc^ny, the hei^^l>* 

over all being abont 6 feet. T:K».« 
portion of the framework &• 
closed in the bracket o is call* 
theyace of the board, and on 
are mounted the line drops 
the clearing out drops s, ac 
the jacks o. Of the horizontz^ 
portion that marked b ia calh 
iha plug akelj^. It ia about s^^^^ 
inches wide and covered with so 
leather, shown by the shadt 
portion. It is drilled for t^ 
rows of holes through which tli 
cords pass, and against the edj 
of which the plugs rest when th 
cords are not in use. The tw* 
pings on the same end circuit ar^ 
placed on a line; the one neares ' 
the face of the board (usually re "^ 
ferred to as the answering jthnj 
is for answering calls; the one farthest from the face (referred 
as the aiJliiiij Jif";/) is for calling subscribers. The answerinj 
and calling pings are placed on two lines parallel to the face of the 
board, Tlie cords are shown by dotted lines at g 1/ and / // 
Kach one pissfs through a pnlley attached to a weight whi 
ensures the plug returning to its position on the plug shelf. Tbi 
two cord weights are shown at t and f. The cords are she 
attached to their respective fasteners 1 and 3 placed 00 the coi 
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fit. These fasteners are placed in rwo rows parallel to the &ce 
the board, one row for the answering and the other for tbo 
ling eords. The portion of the board (/ is called the kejlioanl, 
im the fact that Ihe listening and ringing keys are munnted 
;reoa. One listening key ia shown at e, and a ringing key at,/'. 
« listening key is placed directly in front of the pair of conls to 
Itch it connects the ojK'rator'B telephone circuiL The ringing 
ya are placed, one just to the right and one just to the left uf 




Pig. 198. 

B two plugs to whose cinruit they are wired. The ringing keys 
d the listening keys are each placed in a line parallel to the face 
the switchboard. Tlie keyboard is hinged to the plug shelf at 
BO that it can be raised to give access to the keys and wiring. 
closes down on a wooden trough w. The transmitter x is sns- 
nded by the two transmitter cords which form the circuit, and 
lich are similar in couatructiou to, hut lighter than, the cords 
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used QD the connecting circuits. The cords run over two weighted 
pulleys, one of which is shown at y. 

Fig. 198 is the rear view of the same board. Near the bottom 
is seen the cord shelf with the two rows of cord fasteners to which 
the cords are attached. The cords 
are also seen passing through the 
cord shelf from below. Some of 
them are knotted — a practice 
resorted to when the cord is too 
long to £eep the weights from 
striking against the door when 
the plug falls into its seat on 
the plug shelf. 

A short distance above the 
cord shelf is seen the hard-rub- 
ber jack panel. This panel is 
drilled for 120 jacks, but ie 
equipped with only 80. The 
bottom row of vacant holes can 
be seen. The switchboard cables 
carrying the lines rise on the 
right. hand side of the board, 
and bend horizontally to take the 
jacks. Tlie forms and the sew- 
ing are shown. The clearing- 
out drops are in a row just above 
the line jacks. These are 12 in 
ninuber. The line drops are 
jilaced above the clearing-out 
drops. The board has a capacity 
of 10 rows of 10 drojia each, 8 
rows only having been placed. 
The hand-made cable, rising 
from the jacks to the line drops, 
can be seen on the left-liand side. The cord circuit wiring from the 
cord fasteners is placed on the under side of the cord shelf, and 
is therefore invisible. The liatid-made cable from the keys to tht— 
clearing-out drops, rises in the forward corner of the left-hand side?^ 
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of tte board. In tlio upper left-hand corner is the oj>erator'B 

indiictioD coil, and the wiring to it is Bt-en in the -for^igruund on 

the left-hand side. The transmitter cords are attached tu hiiiding 

jK>stB screwed to the roof of tlie 

boards; and the transmitter ^ 

cords with their weights. 

At the right-hand side of 

the line-drop panel, and passing 
down to the clearing-out drops, 
is what is known as t/ie iiitjht- 
h.U eircmt. It is of compar- 
atively heavy wire, and Boldert^d 
to Ings opposite each row of 
drops. From these lugs the 
<jircuits are continned to small 
<;ontactB placed on each drop 
just beneath the shutter, sotlitit 
'x^'hen a shutter falia this cir- 
cuit is closed, and a buzzer, 
^vhich is wired ia series, caused 
tAi sound. 

It shonld be observed that, 
though the switchboard is only 
partially etjuipped with jaclta 
aind drops, wiring has been 
[placed fur the accommodation 
«f the full number of circuits. 
This ia done as a measure of 

«cononiy; if an increase in tlie 

equipment is desired at some 

future time, all that is neccs- 

sary is to place the additional 

jacks and drops and solder the 

connections. 

In Fig. lilO is shown a slightly modified form of this type of 

board in which the full length of the framework is seen. In aildi- 

tion to the apparatus already shown, the ringing current hand 

generator is seen on the left-hand side. In Fig. 2(J0 is shown the 
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same switchboard with the rear shutter in place. This shutter is 
provided to keep out the dust. 

The forms of switchboards already shown have a capacity of 
100 lines. This number is about all that one operator can handle. 
In fact, when the calling rate exceeds 4 calls per day per line, one 
operator cannot successfully handle more than 80 lines. Therefore 
when more than 80 to 100 lines have to be brought into a switch- 
board, a new section must be placed beside the first, and the addi- 
tional lines connected thereto. Under these conditions, should a 
call from a subscriber, whose line terminates on one section, be 
received for a line which terminates on the other section, the opera- 
tor can easily complete the connection by reaching across to the 
required switchboard. 

Office Trunks, When it becomes necessary to place a third 
section of switchboard to handle the increased business, a new con- 
dition presents itself. Calling the first or original section A, the 
second B, and the one last installed C, it will be evident that the 
operator at A, can make connections between lines whose jacks are 
on the A and B sections respectively, but cannot complete a con- 
nection between a line whose jack is on A section, and one whose 
jack is on C section. The operator sitting. at the B section can, 
however, complete connections between any lines in her section, 
and any other one in either A or 0. The operator at the C section 
is similarly situated to the one at the A section, and her work is 
similarly limited. To sum up, each o{)erator, in addition to being 
able to complete connections between lines the terminals of which 
are on the board before which she sits, is also able to complete 
connections between lines, one of which has its terminal on her 
section, and the other on an adjacent section. It must become 
evident that some means must be provided for the operators to 
complete connections between two lines, which under the present 
conditions are not accessible. If, for example, the oj)erator sittintr 
at the A section were provided with one or more circuits, runnincr 
between her section and (•, then these circuits could be used to 
establish connections between the two boards. This is the method 
used in overcoming this difficulty. 

As has been stated, trunk lines are those running between 
two exchanges. It is necessary here to expand the term to include 
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to the fact that the number of calls that can be handled on a trunk 
of this type is limited; and therefore if the business is heavy, the 
number of such circuits will necessarily be excessive. The change 
adopted was to divide the number of such trunks in two, using one 
half for handling calls from A to C, and the other half for calls 
from C to A. The drops were removed and the incoming end 
wired to cords and plugs. The drops being removed, it was neces- 
sary to provide some other means of transmitting the information 
concerning the call, from one operator to the other. To this end a 
special circuit called an order circuity order wire^ or call circuit 
was provided. Experience soon proved that it was advantageous 
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Fig. 202. 

to have two such circuits, one for transmitting information from 
A to C, and the other for transmitting it from C to A. At the 
sending end, the circuit is wired to a key, which acts in the same 
manner as the listening key. The other end is wired directly to 
the telephone circuit of the operator. Thus by depressing the key 
at the sending end, the operator at that point puts herself into 
direct communication with the operator at the distant point. 

The trunks in each group are numbered from one up. At 
the sending end these numbers are stamped in the hard rubber 
beside the jack, and at the incoming end, they are stamped in the 
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leather of the plug shelf directly in front of the trunk plug. Sup- 
pose that the operator at A has a call for a line terminating on C. 
After answering the subscriber, she would depress the key of the 
order wire and say to the operator at C, "give me 250", that being 
the number of the called subscriber's line. The operator on C 
would answer, "Take it on 1", 1 being the numlK»r on the trunk 
assigned, and taking up the plug on trunk No. 1 would introduce 
it into the jack of the called sub8cril)er's line. The oj)erator at A, 
having received the assignment, introduces the plug of the calling 
cord into the jack of trunk No. 1, thus completing the circuit. 
Ilad the call come first to the operator at C, for a number on 




r^ I -I to telephone citcult 
of opera tot of C. 

Fig. 2a3. 

"Wie A section, she would depress her order-circuit key, connecting 
lierself with the operator's circuit at A and say: " Give nie 15 ", 15 
l)eing the number called for. The operator A would then answer, 
"Take it on No. 1", No. 1 being the number of tlie trunk assigned 
and introduce the plug of that trunk into the called subscriber's 
jack. The operator at C would then plug with the calling cord 
into the jack on trunk No. 1, thus completing the circuit. 

It must be remembered that the order circuit used by the 
operator at A to transmit calls to C is separate and distinct from 
that used by the o])erator at V to transmit to A. Also the set of 
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trunks used for completing connections from A to C is separate 
and distinct from that used for completing connections from C 
to A. The No. 1 referred to in the first case is therefore not iden- 
tical with that referred to in the second. 

In Fig. 203 is shown a connection established between a sub- 
scriber's line on the A section and one on the C section. Here, 
the trunk jack at A is wired without a drop, while at the C end, 
the trunk ends in a cord and plug which is in the subscriber's 
jack. The order circuit key is shown at i; the normal contacts 
being bridged to the outer contacts of the listening key, while the 
outer contacts are wired to the telephone circuit of the operator 
at C. Upon the completion of the conversation on a connection 
which is completed over a ring-down trunk, both the clearing-out 
drop at A and are thrown by the ring-off, so that both the opera- 
tors receive the signal signifying that the connection is to be 
taken down. 

Where a circuit trunk is used, however, the operator at one 
end only, receives the ring-off signal, and the operator on whose 
section the trunk plug is situated receives no signal whatsoever 
when the connection is thus taken down. In order to prevent the 
trunk plug being left in the subscriber's jack, thereby preventing 
the subscriber from calling central, and also keeping the trunk out 
of service, the operator upon taking down the connection, goes in 
on the order circuit again and orders the other operator to discon- 
nect the trunk. This system can be readily extended to take in 4, 
5, 6, 10, and more sections. When more than three sections exist, 
each section is equipped with a group of trunks and an order 
circuit to every other section except the adjacent one. 

The number of sections that can be successfully handled with 
the above mentioned system depends upon another point which 
will l>e taken up directly. lieference to what has already been said, 
and to the circuits will show that every time a connection is handled 
over a trunk circuit, the work of two operators is required, which 
necessarily takes up more time than would be necessary if the work 
were done by one operator. When a connection is required be- 
tween two lines whose jacks are within reach of one operator, the 
time required is that of plugging into the calling jacks, ascertain- 
ing the number desired, and then ])lugging into the jack on the 
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line called for, ringing the subscriber and waiting for bim to 
answer. When a call is trunked, the additional time taken is that 
necessary to reach the second operator, and to get her to make the 
assignment. If the second operator puts the trunk plug into the 
jack of the line called for at the same time that the first operator 
plugged into the trunk jack, no additional time would be taken up 
beyond that already noted. In actual fact there is always a little 
loss here, which further retards the completing of the connection. 
Again, the fact that upon the completion of the conversation, 
the trunk must be ordered to be cleared causes an additional delay. 
The operator whose duty it is to order the trunk cleared, may at 
that moment be busy attending to the wants of some other sub- 
scribers, so that the trunk will remain idle, together with the sub- 
scriber line into which it is plugged. All of which tends to slow 
down the service. The result is that with this system an operator 
cannot handle as many lines as would be possible, were the necessity 
for trunking reduced to a minimum or eliminated altogether. 
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Fig. 20i. 

However, before this point is followed out in detail, it will be 
well to consider the condition arising when an additional exchange 
is opened. If a call from a subscriber in one of the exchanges is 
sent for a subscriber in the other exchange, obviously, the connec- 
tion must be completed over a trunk between the two switch- 
boards. Since all operators are likely to have a connection of this 
sort, the trunks between the two exchanges must be within the 
reach of all the operators. A little thought will show that the 
trunks between exchanges must be of the ring-down ty|)e, because 
if they were of the circuit type, they could be used only on con- 
nections that lay within reach of the section at which they termi- 
nated in cords and plugs. 

It might be urged that a group of trunks could be provided 
for each non-adjacent section of switchboard at the other office. 
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This, liowewr, woulJ In* t<K) wasteful of trunks. It is advi^ral 
to divide the riiii^-dowu trunks into two groups: one for sendi 
calls from one excliantre to the other, and the other for sendii 
them in tlie reverse direction. Each group of trunks shouhl, 
the sendinir immI, he ]»laced within reach of every 0{)erator and tl 
is <lone l»y wirintr tlicm to jacks ])laced in every alternate 6ecti< 
as shown in Fig. 204, where the straight lines placed above tl 
letters A, Ji, (', etc., denote tlie sections of switchlxMird. T^ 
trunks will he seen wired to jacks placed at A, C, and E. Tl 
oj»erator at J» can reach the trunk jacks at A or C, and the one 
I), can reach tliose at (' or E, so that they are within reach 
every ojMM'ator in tin* otlicc. 

At the incoming en<l, each trunk terminates in a jack at 
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• Irnii, Mini iImm* jnrks witli ilu-ir iiccoinpanying drops are distribute 
I'V.'iilv ainniiK tlu- siTtioiis. The calls liandlcd over these trunk 

e 

:iiv i\rn\\ with in the same manner as described in connection wit 
(►tlice tiunks. J.et an «'Xire!iu' ea^' be taken. tSnppose that a ca 
orieih.Mirs ill (Mie olliee which r-hall be designated by Xo. 1 for 
eonntn-linii with a -ub^ei-ibfi's liin* terminating in another exclianji 
known a^ Nn. 'J, the meilnMl lA' completing it is shown in tli 
followino li^nn*. 

In l''io-. :Jnr) is shown ti connection established over a rint 

f^ < 

down trnnk between the two exciianges. Tin* portion on the lefl 
liand side of the doltetj line ivpn-cnts oiu* exchange, Xo. 1, an 
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that on the right-hand side the other exchange, or Xo. 2. Assam- 
ing that the call originates in exchange No. 1, the call is answered 
in the usual manner, and the operator at No. 1 upon learning what 
is required, plugs with the calling cord into trunk jack «, placed 
on or adjacent to the st»ction at which she is sitting. The jacks 
•denoted by h and <* represent those on the same trunks placed on 
the other section of the same exchange, as already describe. This 
trunk being rung on, the drop e at exchange No. 2 falls, and the 
operator sitting at the section upon which it is placed answers. 
Unless the number called for hapj)ens to be on the same section as 
the trunk jack and drop, this latter oj)erator must make use of an 
office trunk to comj)lete the connection. This is the condition 
shown in the figure, wherey denotes the office trunk jack and y 
the plug of this trunk introduced into the subscriber jack. 

In putting through this connection, the order must be sent, 
first from the operator at exchange No. 1 to the oj)erator at No. 2 
who answers the trunk. St^cond, from this operator to the other 
one in the same exchange who has access to the called subscriber's 
jack. This process entails a loss of time and slows down the 
service. Again, the condition of two clearing-out drops being 
bridged across the circuit is met with. 

Subdivided Multiple. To do away with the necessity for re- 
peating the call to a third 0|)erator, and also cutting out one clear- 
ing-out drop, a scheme was devised which is called a subdivided 
multiple. Some one section, usually one of the two end sections, 
is set aside for a trunk section, and on it are plaoed a sufficient 
number of jacks to have one connected to every line entering the 
exchange. When a trunk is called for from some other exchange, 
this operator answers it, and havincr the terminals of all the lines 
in the exchange within reach, is able to complete the connection 
herself. This was the first step towards the introduction of a full 
ujultiple switchboard. 

Multiple Switchboard. The full multiple switchboard, or 
multiple switchboard as it is more commonly called, does away 
altogether with the use of the office trunks, and when the business 
is heavy enough it is the most economical system. For example, 
suppose that there are 1,000 lines to be handled in an exchange, 
and one operator is able to handle 100 only. With the standard 



207 



196 



TELEPHONY 



system 10 sections and 10 operators would be required. If a 
multiple switchboard be substituted, the time saved in doing away 
with the use of the stripping trunk will be sufficient to enable each 
operator to handle maybe 200 lines, thus cutting down the num- 
ber of operators necessary to handle the business by one half. 

The principle of the multiple switchboard is as follows: Each 
line is wired to a jack and drop, placed on the section at which the 
operator sits whose duty it is to answer calls. This jack is called 
the answering jack. In addition to this jack, there appears in 
each section one additional jack, wired to this line. These latter 
are called multiple jacks, and are used by the operators in calling 
subscribers. 

Multiple switchboards are divided into two classes: Series 
and Bridging, Series and Switchboard. In the former, the line 
runs through the multiple and answering jacks in series. In Fig. 
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206 is shown a subscriber's line multipled through a series board. 
The sections are denoted by the numbers 1, 2, 3, 4, etc., and are 
separated from one another by the dash lines. The multiple jacks 
are shown at a^ J, c^ ^/, and (\ one in each section; and the answering 
jack and drop are shown at /"and g respectively. They are placed 
on the fifth section. It will be observed that the jack is of the 
same type as that already shown. One side of the line is wired 
through the contact spring and the contact point of each jack in 
series, so that when a plug is introduced into any one of the jacks, 
the drop is cut off. Hence the name series. The two sides of the 
main distributing board are shown at o and in. 

In Fig. 207 is shown a connection established between two 
lines a and i, both of which are multipled in sections 1, 2, 3, 4, 
and 5. The multiple jacks of the line a are shown at^', i, I, m, 
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and «, and the answering jack and drop, at n and p respectively, 
on the "5" section. The multiple jacks on the line b are ehown 




at c, <J, t,f, and (/, with the answerinrr jack and drop at h and / 
respectively, ou the first section. The subscriber on line a liaa 
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called and was answered by the operator at the '^6" section by 
introducing the answering ping into the answering jack o^ thereby 
cutting off the drop^. The subscriber on the line b was called by 
the operator pushing the calling plug into the multiple jack ff, 
thereby cutting off the drop t, and ringing. Had the call come in 
the reverse direction, that is, had the party on line b called, the 
operator at section No. 1 would have answered by pushing her 
answering plug into the answering jack A, and ciJling the sub- 
scriber on line a by going in with the calling plug at the multiple 
jack^*, thereby cutting off the drop jp. 

It must be remembered that there may be anywhere from 
1,000 to 8,000 lines in the switchboard, all wired as those shown 
at a and i. It will be evident that with this system, couQections 
can be established and cleared in much less time than where a 
second operator is necessary. Furthermore, the service receives an 
additional impetus from the &ct that the operators being relieved 
of the necessity of making trunked connections, have nothing else 
to do but to attend to the wants of the subscribers whose answer, 
ing jacks are placed before them. 

One feature, however, of this system is absent from the stand- 
ard board. Take tlie case shown iu Fig. 207. Suppose that, while 
the conversation is going on between the two parties on the lines 
a and i, a call conies in for either one of them from a line a; whose 
answering jack is situated on section 3. Now the operator at 
section 3 not being able to see section 5, and not having the time 
to look, if she were able to see, would complete the connection by 
plugging into the jack I or e as the case might be, thus connecting 
X with the two parties who are already talking. This condition 
would, of course, be very undesirable. 

To prevent this, some form of signal must be given to the 
other operators that these two lines are in use. The signal used 
in this work is called t/ie liisy test and Is established in the follow- 
ing manner: First consider the operator's cord circuit shown at 
section 5. It consists of the two plugs and cords, the two ringing 
and one listening keys, and the clearing-out drop; but the wiring 
is different from anything yet seen. The shanks of the plugs are 
connected through the middle and inner contacts on one side of 
each of the two ringing keys /* and /•'. The listening key ^ is of 



%\0 



TELEPHONY 199 



special design and is equipped with a special spring 1, which, when 
in the position shown, makes connection with an inner contact 
point. This spring, although insulated from 2 and 3, is mechanic- 
ally connected to them, so that when the key is depressed the con- 
tact is broken. Following the cord circuit from the tip of one plug 
to that of the other, it will be seen that after passing through the 
opposite side of the ringing key r it passes to tlie spring No. 1 of 
the listening key. Suppose this key depressed and the contacts at 
1, 2, and 3 broken in consequence, and that between 3 and 4 made. 
The spring 1 being wired, or strapped, to the spring 4, the circuit 
therefore follows this path to tlie sj)ring 3, thence to the point 7, 
from whence it passes through the ringing key / to the tip of the 
plug at o. The clearing out drop is bridged across this circuit 
at 8 and 7. 

Suppose now the operator, in order to listen, adjusts her key 
as shown in the figure. The connection ])etwet^n 8 and 4 is broken 
and those between 3 and 6, 2 and 5, and 1 and 9 are made. Fol- 
lowing the circuit now from the shank of the ping to the point 8, 
it runs from there through the contacts 1 and 5 to one-half ?/'' of 
the secondary coil winding. Thence through the operator's re- 
ceiver u to the other half w of the winding, to the condenser r/*, to 
the contacts 9 and 1, and back to the tij) of the plug. A bridge 
is formed through the condenser ;r, and the contacts (> and 3, the 
point 7 to the tip of the plug at o. Keturning from the shank, 
the bridge is completed at 8. Thus the operator's circuit is bridged 
to both subscribers. 

The coil of the operator's receiver is split, the middle point 
being carried to ground at q. Wired to the shank of each plug is 
a battery — one shown at z and the other at z\ the circuits passing 
through a retardation coil, one of which is shown at v and the 
other at v\ When a plug is introduced into a jack, this battery 
is thrown on the rings of all the jacks on that line. 

Under the condition shown in Fig. 207, the potential of the 
battery z would be thrown on the rings of the jacks <>, n^ m^ /, l\ 
and J/ and that of the battery z\ on the rings of the jacks f/,y, r, f/, r, 
and A. The retardation coils ;• and /•' each consist of an electro- 
magnet with a soft-iron core, the coils having a resistance of OOO 
ohms. Their action is to retard or choke off the talking current, 
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•o tlist traosmiwioD will not be nJneed or the lim nude doii 
while tbe direct cDireDt from the battery is ■Uowvd to flow wfae 
ever a patb is offered. Remembering that everj operativ 
eqnipped witb cord cireoits identical to that shown, snppoae tfa 
tbe operator at station 2. for example, reoeirea a call for the line 
By touching the tip of the calling ping to the ring of the jack, 
tbe following patb will be afforded the coneot. which will be trao 
out on the cord circuit afaown to save confosion bj drawing anoth 
cord circuit on section 2. From tbe ring of the jack to tbe tip < 
the plug, theace through the ringing ker to tbe spring 1, tbem 
to d, to the opposite side of ibe coodeoeer ir, throngh w to tl 
receiver v. Passing through one-half of the coil on h it goea i 
ground at t/. Every time the tip of tbe ping is touched tot! 
ring of the jack, a rush of current flows to groond throngh tb 
circuit cansing a "click" in the operator's receiver. The pre 
ence of this click informs the operator that the line is busy. 

Tlie connection being taken down, the battery potential 
moved from tlie rings of the jacks, so that upon an operator toncbin 
the tip of a calling ping to any of thcni, no corrent flows throng bi 
receiver to ground, and conseqnentlj no "click " is heard. 

Tlie condrnser J-. which has a capacity of 2 U.F., is needc 
for tliu following reason: When th« operator tests for abut 
line, the aiiswfriiig jiliig is shvavsiii some answering jack. Then 
fore \vlifM the tip of the cnllini; pliiir h touched to tbe ring of tli 
jack calltii for, iIr- current wmilil How down to tlie condenser i 
&B liescriUti. ami wantini; its jire^^ent-e. some of it would pai 
through the listeniiiir key. out on the lino of the party callinf 
This woiilii ri-siill in the milist-rilHT getting an nnpleasant noise i 
hi^ ear, ami in re<hiein<r the ^lren<rth of the husy test by sbuntio 
too innch eiirreiit. 

The jfreat disaii vantage of the series multiple switchboard lie 
in the fact that on one Eide of the line there is a series contact i 
each jack, and the imnilver of such contacts increases with th 
nnniWr of sections. In the series switehl>oard in nse a sboi 
while ago at the Conrtland St. exchange in New York, there wer 
44 sections, and conseqneiitly 44 series contacts on one side e 
eiich line. The Hiiiallest nnionnt of dnst settling on these contact 
gives them an appreciable resistance, which increases with tb 
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number of jseks, and this resistance is all thrown in on one sido 
of the line. Tlie reenit is that the line becomes iiiibaknctHl and 
noisy. Farthermore, if the dust deposit is the least bit exagger- 
ated, as for example from sweeping the floor carelessly, the resist- 
ance at the contacts often becomes so high as to render convtrsation 
impossible. A practical example will illustrate: In the Coiirtlund 
St. exchange above referred to, the resistance between the first and 
the 44th section of that side of the line which passed throngh the jack 
wntacts, was normally 13 ohms. At times it went as high as 50 
ohms, and even to an open circuit. To overcome this defect, the 
idea was conceived of bridging the multiple and answering jacks 
across the line, and this gave nse to the bridging multiple board, 
Brtdglng Switchboard. lu Fig. 20^ is shown the wiring of 
a subscriber line passing throngh a bridging board. As ttefure, 
the main distributing board is st-en at a. At h is a new piece of 




Fig. 208. 

apparatus which came into use In connection with this (ype of 
switchboard, although it is also used with tlie series boiiril. It is 
called the intermediate distributing board and its u.-^e will be 
described directly. Tliere are five sections of switchboiird denoted 
by the Koman uameralB, and iu each one is shown a multiple jack 
bridged to the line. This jack is of a differi'iit design frimi that 
previously ahown. Referring to the one shown in section I, it will 
be eeeu to be made up of three springs and two ririgH. The 
springs are shown at c, d, and d', and the two rings at e and/'. 
The spring e forms one of the contacts of the talking cii-cuit, tlie 
other contact being the ring e.. A battery n grouTided at m is con- 
nected to the spring tV ou all the jacks; while the spring it is 
strapped to the outer ringy, and is connected to a third wire which, 
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for the mnltiple jacks, runs to the contact 8 on the intermediate 
distributing board, and for the answering jack g which is shown 
on the third section it is run to the contact 8'. The contacts 8 
and 8', 2 and 2\ and 1 and 1' are cross-connected as shown. The 
drop is shown at A, and is of a special design introduced with this 
type of switchboard. 

The drops shown in connection with the standard and series 
multiple boards, are so constructed that the shutters, upon being 
rung down, must be restored by hand. This work naturally takes 
up a large percentage of the operator's time and also necessitates 
the placing of the drops in such a manner that they shall be within 
easy reach. In the design of the drop used in connection with 
bridging boards two points are brought out: 

First, the drop being permanently bridged across the line, like the 

clearing-out drop, must be of high 
impedance and proof against cross 
talk. To this end it is wound to a 
resistance of 600 ohms and Is in- 
cased in an iron shell. 

Second, the drop must be so eou- 

Btructed that it will be. restored by 

the iutroduciug of the plug of the 

t ig. AM. operator's cord circuit either into the 

multiple or the answering Jacks. 

To accomplish this, a second coil is wound around the surface 
of a second core, whicli, when energized, attracts the armature, 
which acts as the drop back to its original position. In Fig. 209 
is shown this style of drop in section. The cores are shown at a 
and u and are of the usual form, covered with the insulating 
material ff. The line coil or that whicli is bridged to the line, and 
operates to throw the drop, is shown at c. The armature actuated 
by this coil is shown at /*, and is pivoted at the top in the usual 
manner. Attached to this is the stiff wire with the catch ff. The 
second armature, which acts as the drop, is shown at e^ and is piv- 
oted at the bottom. A stop is provided so that it cannot fall 
throut^h a greater angle than that shown. The second, or restoring 
coil, is shown at </, it being separated from the line coil by a par- 
tition. It is wound to have a resistance of about 50 ohms. Both 
the armatures e and y* have a hollow depression in the center into 
which fits the end of the core, when they are drawn close up 
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against the magnets. Tlie catch is of a peculiar design, having a 
notch into which fits the upper edge of the armature e when the 
latter is restored. The smaller projection in the rear of the notch 
keej)s the armature from being attracted any nearer to the core, 
which would result in its failing to fall by gravity when released. 
The terminals of the two coils are brought out through holes f in 
the armature. 

Fig. 210 shows the general appearance of the drop. Here 
the armature y is shown in the foreground, with the four hard- 
rubber-bushed holes for the coil terminals. Terminals Nos. 1 and 
2 are for the line coil and Nos. 3 and 4 for the restoring coil. The 
other armature or drop is shown at e. The line number is painted 
on this armature, and an aluminum shutter corresponding in size 
normally covers it. AVhen the drop is rung down, this shutter 
swings up exposing the number, and falls into place again when 
the drop is restored. The drop 
is mounted on the plate a?, which 
separates the two halves. Since 
these drops need not be placed 
within reach of the operator they 
are mounted over the multiple 
jacks. Turning again to Fig. 208 
it will be seen that the section of 
the drop enclosing the line coil is 
shown at i, while that enclosing 
the restoring coil is shown at o. 

Before going into the details of the design of the operator's 
cord circuits let us consider what would be the eifeet of introducing 
the plug into a jack after the drop has been rung down. Let the 
jack on section I be considered. Plugging into the jack, the tip, 
to which is connected one side of the talking circuit, makes contact 
with the spring c. The other side of the talking circuit is con- 
nected to the shank of the plug, and makes contact with the rintr 
of the jack e. The shank is protected with a hard-rubber collar, 
so that it will not make contact with the outer ring /I The ])lug 
is so constructed that, when in place, a brass ring makes contact 
between the springs d and (1\ closing the circuit and allowing cur- 
rent from the battery 7i to How from one to the other. When this 
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happeOB. the poteDtial of the battery !■ thrown oo the onter rings 
<A M the jacks far the bosj teat, and also from the answering jade 
thraagh the rMtorii^ ooil of the drop to gronnd, tbos restoring the 
drop. Analysis of the drcuit will show that this action will take 
jdaoe, DO niattvr in what jack the ping is placed. 

In Fig. 211 is shown the detail off the wiring of the operator's 
cord cirvuit. Tlie tip of the plog is diowo at a. He brass ring 
to which no wire U ccmnected, bnt which serves to close the con- 
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Fig. 211, 

neotioii In'tneeo the two jack springs, is seen at h. The shank of 
tlitt plug is eliown at c and tlie two hard-rubber rings insalating a 
from // and b from c, aty and e respectively. At d is seen the 
bard-rubber collar insulating the shank from the outer ring of the 
jack. Both pbigs are Identical. The listening key ia shown at g 
Rud is of |)eculiar design ; it consists of four springs 6, 6, 2, and 7. 
Tbe springs 3 and 7 are electrically insulated, bat mechantcallr 
cou)iect^>d by the hard-rubber block h. There are three < 
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points 1, 3, and 4. The springs 5 and 7 are bridged across the 
cord and the contact points 3 and 4 are connected to the operator's 
telephone circuit. One terminal of the line coil of the clearing- 
out drop, shown at i is connected to 0, while the other terminal is 
connected to 7. One terminal of the restoring coil^* is connected 
to the 8j)ring 2, while the other terminal is grounded at L 
Grounded battery K, is connected to the contact point 2. 

In the position shown, the operator is able to listen in. Sup- 
pose the key depressed, so that contact with the points Jf, 3^ and 4 
is broken, and contact made between the springs 5 and 0. The 
line coil of the clearing-out drop is now bridged across the cord. 
When, upon completion of the conversation it is rung down, the 
operator adjusts her key as shown, opening one side of the line 
coil, cutting in her telephone set, and by closing the contact be- 
tween the point 1 and the spring 2, throws the current from the 
battery K through the restoring coil /. The clearing-out drop is 
identical with the line drop in design and construction. 

The system just described is an improvement over the series 
switchboard, because it is perfectly balanced throughout, and the 
drops are self restoring. It gives excellent satisfaction for local 
work. The fact that the two line drops and the clearing-out drop 
are bridged across the line during conversation, tends to reduce the 
efficiency of transmission. On very long lines this reduction would 
be serious, and therefore the Long Distance Company cut the drop 
off by a special form of wiring which will be described later. 

Intermediate Distributing Board. It has already been said 
that the introduction of the bridcrjncr ])Ojird broucrht into use the 
intermediate distributing board. It must be remembered that all 
lines entering a switchboard, are not equally busy. It may happen 
that the operators on section I lind that the lines assigned to them 
are so busy that the calls can be handled with ditticulty, if at all, 
while those assigned to the operators at section IV are not busy 
enough to make the operators work up to their full capacity. A 
remedy that suggests itself as obvious, would be to transfer some 
of the answering jack circuits from section I to section IV. It 
must be remembered that in making this transfer, the call number 
cannot be changed, so that it cannot be made at the main dis- 
tributing board. What is wanted is to connect that row of multi- 
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pie jacks to ui answering jack and drop jiIik'^ uii Hi<ctioa IT. M 
' the iDterinediate dUtribating board thia ehuiif^e i^ao be readily loag 
by croBB-oonDecttng the given moltiple wiring to an aaswerii^ 
jack and drop placed on tlie required ■action. 

Tbe iutermediate distributing boat^l Las also another ttM 
Tbongh the growth of the telephone baiiiicita is etatdy, Rub«crib«n 
often give up service from one cause or nnullit^r. From ao op4{ 
ating standpoint, it is not good practice to m&g the call number «l 
the disconnected line for a new subscriber within three uiontbe d 
the date of disconnection, A new connection tieing eatabliatied.it 
is cross-connected to a new set of maltiplu jncks, but by means fli 
the intermediate board, the old answering jack can t>e u»ed, aiA 
this particular operator retain the same Diniilx<r of lines to haady 
as she had originally. I 

In designing, the intermediate frame resembles the main dn 
tributing frame, the difference being that no jirotecting anmratlH 
is used. The multiple-jack wiring is oonneuted lo th<j liuritontM 
side, while the answering-jack wiring is connected to the vertieat 
side. The croes-connecting wire used is triple-oondnotor tvMed 
wire, two conductors for the talking circuit, and the third Iprtba 
busy test and restoring battery. 

TRUNKINQ. 
Tlie Bul>jt.>ct of trnnking has already been touched on in con- 
nection wilh etaiKlard and subdivided moltiple boards. It wUI 
now ))e (Jesinible, in oonnection with full multiple switchboards, bi 
fpi into tlie snliject ratlier more in detail. In connection with 
ting-down trnnkti nothing nddltiunal need be said, as the mnltiplq 
switdilKMtrd intfotlnces no new features, eo that the disoDsaion 
will Ir! given up entirely to circuit trunks. The following pmnli 
are essentijil: 

In o[iemtinK^'lll'*-''r<'«it trunks the following events occur in ndSB 
The tiuliiterlber (>|ieruti>r havitii; received a re<|Ue8t Tor n oonnecUon neeM^ 
Hlluthi); {lie nneoru trnnk luudlHtmit e.veliange, putstaenelf iDoommmit 
caliun with the trunk operator at the iliHtaut exchaDne by mcana of Hn 
unler clreult, and re<|uetita thedeHired eunnectlou;or, touse teehuieal laib 
gnatce, jMnmes the vali. The Iniiik ojxirator, having received the call, a» 
Hig:iH the trunk (o lj« uxed and alter texthig the subscriber Uue called foi 
and Ihidhig It not hi uae, |ilugt> hito It with the trunk plug. This Interx'al 
111 called tluit rrqiiireil to put up th- r. min-thm. 
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l^pon the completion of the conversation, tlie 8ut>Hcriber operator at 
the first exchange withdraws the plug from the answering jack, and again 
^oing in on the onler circuit orders the trunk operator at the distant ex- 
change to withdraw the tnmk plug from the called suhHcriL>er's multiple 
jack or to clear the trunk as it is called. The trunk operator thereupon 
does as directed. The interval from the time that the conversation is fin- 
ished and the ring-olT signal given, up to the time that the trunk is cleared, 
is called the time required to clear the connection. The first interval is 
shorter than the second and is almost a minimum; there is no possible 
way in which its length can be materially reduced. 

The history of trunk development is connected \vith the de- 
velopment of the switchboard, so that the trunks iirst considered 
will be those between two exchancres equipped with series boards. 

In order that the trunk opi^rator may have no other class of 
business to handle, the trunk plugs are placed together at one end 
of the switchboard. The number of sections thus occupied will 
depend altogether on the number of trunks handled. In Fig. 212 
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Fig. 212. 

is shown the wiring of a circuit trunk between two series switch- 
boards. One exchange is shown at 13 and the other at A. The 
multiple jacks are shown at 1, 2, 3, 4, and 5; one jack within 
reach of each operator. The trunk jacks are ])laced in a group 
separate from those on the subscriber lines, and are called the out- 
going trunk viultlj)le. In general, trunks used for completing 
connections from an exchange B to another exchange A are calletl, 
with reference to B, outgoing or sending trunks; while those used 
for completing connections from another exchange are called in- 
coming trunks. Thus the trunk shown in Fig. 212 with reference 
to B is an outgoing trunk, and with reference to A, an incoming 
trunk. The plug in which the trunk ends at the incoming ex- 
tremity is shown at y* and is of the same type as that used on the 
subscriber's cord circuit. At .v and j) are shown the secondary and 
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primary windings of the trunk operator's induction coil, while the 
head telephone is seen at /, one terminal of the coil being grounded 
at g. For the opposite terminal of the receiver, runs a single con- 
ductor cord which terminates in a plug /. The order wire is a 
grounded circuit running from the trunk operator's head receiver 
to one of the outer springs on each one of the order wire keys K, 
K\ K", etc. The other outside spring of these keys is grounded; 
the two inner springs of each key are wired to the subscriber oper- 
ator's telephone circuit as shown in Fig. 203, and at «, J, e, etc., in 
Fig. 212. The order wire is thus a grounded circuit. 

It should be observed at the outset that the trunk operator 
cannot communicate to the subscriber operator, unless the latter 
has his key depressed. Suppose a call comes in at the exchange 
B for a party whose line terminates at A, and that it is answer^ 
by the operator stationed at the jack 5. This operator after learn- 
ing the subscriber's wish depresses the order key K*^ and trans- 
mits the call to the trunk operator at A. Before the latter puts 
up the connection, she must ascertain whether or not the sub- 
scriber line called for is busy. To do so she touches the ring of his 
multiple jack with the tip of the single plug i. As she does this 
she calls back to the subscriber operator at B the number of the 
trunk that she is going to use, the latter operator waiting with the 
key depr€*8sed for the receipt of this information. 

Assuming that the line called for is not busy, the trunk oper- 
ator plugs into it, and the subscriber operator at B rings. As has 
already been stated, the trunk operator is altogether unable to listen 
in on the connection, and must de|)end on the order coming over 
the order circuit as to when the trunk shall be cleared. The con- 
versation being completed, and the ring-off being received by the 
subscriber operator, she again goes in on the order circuit and 
directs the trunk operator to clear the trunk. 

AVhile this method seems very simple, and while it seems 
that the trunk operator should l)e just as diligent in clearing con- 
nections as slie is putting them up, such is not the case. It must 
be rememlx^red that at the instant when the subscriber operator 
comes in to order down a connection, another may come in to 
order one up. In fact, two or more operators may order up con- 
nections at the same instant. In such a case, the trunk operator 
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will always pay more attention to orders to make connections than 
to those to clear. So that the trunk operator often puts off clearing a 
connection until she has forgotten about it. In the meantime, the 
subscriber operator at B, has cleared that end of the connection so 
that the called-for subscriter is left connected to the trunk without 
any means of signaling either one of the exchanges. 

This condition has two results: Firsts the called subscriber 
cannot signal the exchange to get a connection, and, second^ no- 
body can call him because the trunk plug being in his jack, his 
line will be reported busy. All this necessitates a second request 
from the subscriber operator to clear the trunk, which multiplies 
the work done over the order wire, which tends to confuse the trunk 
operator and delay her work. 

It was found also that a grounded order wire was liable to 
become noisy, causing the transmission to become poor, and neces- 
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Fig. 213. 

sitating the repetition of orders over it, to the^urther detriment of 
the service. Two changes were made in the wiring, which are 
shown in Fig. 213. The first was to use a metallic order circuit 
as shown, the busy test being obtained for the trunk operator 
through her split receiver to ground at <j. The second change con- 
sisted of wiring a drop a to the trunk at the outgoing end. This 
was called the safety drop^ and its use was calculated to prevent 
the called subscriber from being "hung up" on the trunk, by 
affording him a means of signaling in. This drop was wired in 
the usual manner, so that when the outgoing end of the trunk was 
taken up it was cut off. 

The method of the operation was as follows: Tlie subscril>ers 
having rung off and the connection having been cleared at the out- 
going office, if the trunk operator fails to clear the connection, the 
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culled subscriber, upon ringing, will throw the safety drop, thereby 
attracting an operator's attention. This operator will plug into 
the trunk jack, learn the subscriber's W'ish, and going in on the 
order circuit again, order the trunk operator to cle^r the connection. 
While the scheme prevented the called subscriber from being 
indefinitely.hung up, it did not reduce the work over the order cir- 
cuit, nor help out the trunk operator. To this latter end, a prac- 
tice was introduced about this time called testhig down. It 
worked as follows: Inspection of the operator cord circuit shown 
in Fig. 207 reveals the fact that there is a battery on the shank of 
both plugs. Now when one of these plugs is placed into the trunk 
jack, this battery being thrown on the ring, current flows along one 
side of the trunk to the shank of the plug at the other office. 
Therefore, if the trunk operator touches the shank of the plug with 
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Fig. 214. 

the test plug /, a click will be heard in her receiver, due to this 
current flowing to ground through the split receiver. This " test " 
will be heard so long as the subscriber operator has a plug in the 
trunk jack. Upon her clearing the connection, however, the cur- 
rent will be received and the test will disappear. 

To facilitate the clearing of trunk connections, the trunk 
operator was required to touch, from time to time, the shanks of 
the trunk plugs upon connections, with the test plug, and to clear 
all that did not give the test. It being assumed that if the sub- 
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scriber operator had removed her plug, that the conversation was 
completed. While this scheme, together with the safety drop, 
reduced the chances of a subscriber being hung up, and therefore 
increased the efficiency of the trunks, it did not lessen the work of 
the trunk operator. In fact, it increased it, as she was compelled 
to be continually, when not otherwise occupied, reaching over the 
face of the board to test the trunk plugs. To overcome this diffi- 
culty, test hxittons were introduced. These consisted of brass but- 
tons about the size of a copper cent, placed on the plug shelf, each 
one directly in front of the plug to which it is wired. One of these 
is shown at a^ Fig. 214. To test down, the operator need only touch 
these buttons, which saved her the time and trouble of reaching all 
through the multiple, wherever the plugs happened to be. 
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So far, the condition of the called-for subscriber's line being 
busy has not been considered. With the circuits heretofore de- 
scribed, if this condition obtained, the trunk operator would have 
to wait till the subscriber operator again came in on the circuit 
before she could be informed of the fact. To save this delay, the 
husyhach was devised. It consists of a series of jacks placed 
within reach of all trunk operators, and shown at 1, 2, 3, and 4. 
To these jacks is wired a small alternating-current machine shown 
at f/, giving a potential of 75 volts and having two lamps h and c 
in series, to reduce the current to the proper amount. If the 
trunk operator finds the line called for to be busy, she plugs the 
trunk into the nearest of the busy- back jacks. The subscriber 
operator plugging into the trunks, Inmrs the hum of the alternator, 
and knowing what is meant, reports hiisij to the calling subscriber. 

In order to test the subscriber's lines, the trunk operator had 
to make use of a third plug as has been shown. Now, the trunk 
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operator is often busy with btith hands, so that to carry a test plu 
was a source of great inconvenience, and a material hindrance t 
her work. To overcome this defect, the trunks were so wired tha 
the testiiitr eould be done with the trunk plug, as shown in Fi 
215. Tlie tip side of the trunk plug is wired to the middle sprin 
of a key tf. The same side of the trmik, coming from the othe 
exchange, is connected to the outer spring 3 of the same key, an 
the inner contact jioinl 2, to the operator's induction coil. "Wit 
the key in tbe position shown, the test can be obtained through tli 
tip of the plug. When the plug is placed in the jack, the key i: 
depressed, cutting off the circuit through the operator's receiver 
and closing the trunk through the springs 1 and 3 of the key. 

This circuit represents the highest development of trunkin 
between series switchboards. 
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AViili ilji* introiluciioii of tlie bridging board, there came a 
nece>?arv diaiijz** in tin* \viriii(r()f the trunks. Fig. 21t) shows the 
earliest form of trunk used with this system. It is wirt^d at the 
o\\\^n)\\Mf nid in the saine manner as the su])scril)er line, the safety 
drop h takino; the ])lace of tlie line drop. This drop is slightly 
different in aetion frr)ni that used with the series boanl. Here, 
when the subscriber operator plugs into the trunk, current is sent 
throu<^li the restoring ftoil and the drop is sealed. Upon being 
cleaned at the sending end, however, this current is removed, and 
tho drop ia free to be rung down. AVith this system, since no 
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lattery i; 



iiinected to Uib aliank of the aiibacriber operator's cord 



;n cannot be resorted to. It will 
is wired to the trunk cord, to 



circuits, tlie scheme of testing dt 
be observed that a ringing key 
enable the trunk operator to 
ring the called eubacriber. 

In order to do away with 
the necessity of ordering the 
trunk to be cleared over the 
order wire, upon completion of 
the conversation, a scheme was 
brought out in connection with 
this form of trunk. It con- 
sisted of a dit»-"ii>t.!ft Kiijiiitf, 
placed at the incoming end, 
and ao wired that it would give 
notice to the trunk operator 
automatically, upon the con- 
nection being taken down by 
the subscriber operator. 

The wiring of this signal, 
as first introduced, is shown in 
Fig. 217. Here, the springs 
on the opposite sjde of the test- 
ing key are used. The outer. 
No. 2, ie wired to one side of 
the tmnk, while the middle 
one, No. 1, is wired to one ter. 
minal of the coil of a relay, 
shown at a, the other terminal 
being permanently connected 
to the opposite Bide of the line. 
This relay consists of an elec- 
tromagnet of high impedance, 
with a pivoted armature c, 
which, when the relay is ener- 
gized, is drawn np against a contact point il. Since lliia relay is 
pennanently bridged across the trunk, anil since several are likely 
to be mounted together, each one is encased in an iron shell to 
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prevent cross talk. Wired to the armature of this relay is a bat- 
tery, and to the contact point is connected a small lamp A, the other 
terminal of which is grounded. At the outgoing end is another 
relay e, which is similar in construction to the restoring end of a 
bridging drop. The armature /*, to which is connected one ter- 
minal of a small 20- volt direct-current generator A, rests normally 
against the contact point y, which is permanently connected to one 
side of the line. 

The method of using this trunk is as follows: When the 
trunk operator plugs into the subscriber jack, and adjusts the key 
to cut off the test, the relay a is bridged across the line through 
the springs 1 and 2. The current from the direct -current machine 
h flows out over the trunk, through the armature y* and the con- 
tact ff, and energizes the relay a. Its armature c?, being drawn up 
against the contact rZ, closes the battery circuit through the lamp, 
with the result that it is illuminated. 

Upon the subscriber operator plugging into the trunk jack, 
current is sent through the relay e and as a result the armature is 
drawn away from the contact </, cutting off the current from the 
machine //. This current failing, a ceases to be energized, its 
armature c falls away from the contact d, and the lamp b is ex- 
tinguished. At the com])letion of the conversation, the subscriber 
operator removes the plug from the trunk jack, with the result 
that current is cut off from the relay e, whose armature therefore 
falls against y, thereby again cutting the current from h on the 
trunk. The relay tf^ therefore, again becomes energized, the lamp 
circuit closed, and the lamp lighted. The trunk operator, upon 
seeing the illumination, instantly clears the trunk without waiting 
for further orders. 

This device is by far the most useful ever invented for expe- 
diting the work of the trunk operator. By doing away with the 
necessity of ordering down connections, half the business was 
removed from the order wires, so that orders for connections could 
be transmitted with much greater dispatch and clearness, and the 
trunk operators having only orders to establish connections trans- 
mitted to them could listen with undivided attention, and therefore 
do better work. 
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One more change wns necesBary to bring the tmnk tip to per- 
fection, as far as it could be obtained with the bridging- board 
sjstem, and that was to save the trunk operator the time taken to 
adjust the testing key. This was accomplished by placing a relay 
on the tnink, the contacts of which would do automatically what 
those of the uianual key did. Tlie wiring of this trunk is shown 
in Fig. 218. Tlie manual key is replact^d by a relay a which is 
wired to the brass ring of the trunk jiliig so that when it is pushed 
into the jack on the subscriber line, the current used for the biisy 
test also flows through the coil of the relay, causing it to be ener- 
gized. Tlie armature of this relay ^etuatea two springs h and c, 
to which it is rigidily attached. The- armature is insulated from 
the two springs, and the two s|)ringH are insulated from one an. 




Fig. 218. 



other. The relay is equipped with two inner contact points, 2 and 
3, and two outer ones, 1 and 4, so that in action it is identical with 
ihe manual key. The circuit passing through the ojwrator's receiver 
to give her the busy test, is wired to contact 1, and the tip of the 
trunk plug, to the spring c. One terminal of the coil of the relay 
actuating the signal lamp, is connected to contact 3. The spring A 
is wired to the opposite side of the trunk and contact 4 is spare. 

The other terminal of relay iJ is wired to the trunk at n. 
When the relay n is energii!ed, the springs c and h are drawn away 
from the contacts 1 and 4 res [xh; lively, and brought up against 
contacts 2 and 3. 

At the outgoing end, the trunk ia wired in the same manner 
as that previously shown, except that the direct-current generator 
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/// gives a [KH4?ritial of 75 volta instead of 20, and two lanijisy/ and 
/A ar«5 iiM'^i for re<iucing the current to tlie amount requisite to 
ojieratii tlie relay ^A which is alxint .OS ampere. 

It was found more convenient to use a higher potential, for 
by using lamps of projjer resistance the system could be made to 
work on trunks varj'ing greatly in length. The necessary resist- 
ance of the lamps will dej>end altogether on the resistance of the 
trunk on which they are used. 

The oj)eration of this trunk is the same as that previously 
descril>ed. When the trunk plug is pushed into the subscriber 
ja<!k, the relay // is energized and contacts are made between c and 
2, and h and 3, so that the tip side of the trunk is cut through, 
and the relay // bridged across. Current from the generator m 
energizes ^/, closing the lamp circuit and lighting the lamp. When 
the 8ub8cril)er ojK^rator plugs into the trunk, the relay at that end 
is energized, cutting off the current from the machine, causing d 
to " rcflease ", thereby putting out the lamp. Upon the subscriber 
oj)erator clearing out, current from the machine 7ri is again cut in, 
d is again energized, lighting the lamp, thus signaling the oper- 
ator to clear out. 

AUXILIARY APPARATUS, 

The auxiliary apparatus used in a telephone exchange can be 
classed under two headings. P^irst, Poicer Aj)paratu^ ; second, 
J^roti rtlon AppftratuH, 

Power Apparatus. Tliere are two kinds of power apparatus 
used: Dynainos or Dynamotors, and Batteries. Two classes of 
dynamos are used — direct and alternating. The first-named type 
is eiiijjloyed to charge the storage batteries, and for operating the 
lanij) nignal on the trunks. The second type is provided to finish 
the ringing current and that for the busy-back jacks. The nature 
and size of the ringing-current machine depend upon the size of 
the exchange and tlie volume of business handled. In small ex- 
changes e(|uij)jH'd with two or three standard boards, and in which 
the number of calls handled is not as great as to require the oi)er- 
alor to put forth her utmost efforts, hand generators, similar to 
those ustnl in telephone instruments, are employed. They are 
placiHl in the keyboard with the handle projecting through the 
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front of the trongh, od© being provided for each suctioD. Where 
the nnniber of sections is in excess of three, or where the business 
is heavy, some form of power generator mnst be installed. Where 
water power is available, the usual practice is to nee a water motor 
belted to a small but powerful magneto generator; if there is no 
water power, a small electric motor is used, to which the generator 
is belted. 

One type of magneto generator is shown in Fig. 21^). It is 
of the same general make-np as that used in the subscribiT tele- 
phone. It is larger and more powerful, and differs in a few details: 

It consists of Ave permanent magnets bolted to two pole pieces. One 
termmal of the armature coil te connected to an insulated collar « on the 
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Fig. 220. 



shaft, the other is connected to the »haft. There are two copper brushes, 
one bears on a and the other on the shaft, from the two terminals a and b. 
Two oil cupa e anJ d are provided for lubricallug tlie bearln;^. Tbe oppo- 
site end of the abaft is eciuipped wltb a pulley e, over wbicb is placed tlie 
belt. The flat pulley Is often replaced with a grooved one, for tbe accom- 
modation of a cryllndrlcal belt. Tbe whole machine Is mounted on a 
wooden base, upon which are placed the two line binding posts m and vi'- 
Tbe armature of this type of tbe machine Is wound to give a potential of 
from 75 to 80 volts. 

In Fig. 220 IB shown a very compact and convenient form of 
water motor for use in small exchanges. It consists of a turbine 
encased id an iron chamber a. To the shaft is attached a pulley b, 
the whole being supported on a stand c, through tbe center of 
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wliicli passes tlm discharge pipe e. The supply pipe ie ehown at 
il. This supply pipe termioatea inside of the motor in a nozzle 
about ^y inch in diameter, through vhicb the water is forced, to 
impinge against the buckets of the wheel. 

The discharge pipe should have a diameter of about 1^ inches 
and should run straight for a distance of 20 feet from the motor. 
This type of mac-liine can be used successfully in localities where 
the water pressure is at least 40 pounds per square inch. It runs 
noiselessly and refjnires very little attention. 
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In Fig. 221 is shown one of the most approved typea of in- 
duction motors nsed for o|)erating ujagneto generators. The motor 
is shown at /'. It is of the usual typ of induction motor made to 
opi-rate on siti^le-plniiK! nltenmting circuits. It is made self-start- 
ing by dividing the stalor winding into two hakes, one of which 
has a choke coil in series with it, and the other a uon-iDdactiTe 
resistance. A pnsli button 3 mounted on tup of the case, serres 
to make the necfp.siiry connect ions when Blurting, by simply depress- 
ing it. The tt^rniiiials are shown at 1 and 2. 

The magneto generator is shown at c and is mounted, farther 
with the motor, on tlie saiiie wo(«ien base c Tins nnit gives very 
good results and is iiwd very extensively. 

Even whi'n some form of power generator is used in smaller 
e.vchiingen, hand gcriemtors are supplied to be used in the case uf 
the failure of the foriner. In larger exchanges, motor geDemton 
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are need, and the motor end ie wound for direi-t or alternating cur- 
rent as the case may require. In Fig. 222 is eliown a motor gen- 
erator nsed for charging storage batteries. It is built by the 
Croeker- Wheeler Co. and is self -contained and very compact. The 
motor end (which in this case is direct current) is shown in the 
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for^round, and the dynamo end. in thu bacligroinid. The base 
of the machine forms the yoke, upon wliicli are mounted the held 
coils. The pole pieces are at the top, one In-iiig shown at A. The 
starter ib shown mounted on the side of the pole piece, and is con- 
trolled by the handle 11, which actuates a contact moving between 
fournprightclips. The motor side is wound to the potential of the 
mainsonwhicli it is to operate, and the dynamo side delivers current 
at a potential slightly in excess of that of the battery it is to charge. 
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One very important point about a charging dynamo is that it 
should have an automatic cut-out, which opens the circuit, when 
the current delivered by the dynamo falls below a certain lixed 
amount. This is to prevent the battery from discharging through 
the armature should the motor slow down or stop from failure of 
the current supply in the mains. A very ingenious form of cut- 
out is used in this type of machine. It is mounted on top of the 
pole pieces. The front pole piece A is hinged so as to swing out, 
and is held in place by the attractive force of the magnetic field. 
A spiral spring S is securcjly fastened to the back pole piece and 
rests against a block on the front one. When the strength of the 
magnetic field is of the proper amount, the tension of this spring 
is overcome and the |)ole piece held in place. When the field is 
in place, two brass clips h and 1/ close the circuit to the battery, 
which is carried by the leads a a through the back brass block c. 
Should the field weaken sufficiently, so that the dynamo is unable 
to develop a potential sufficiently high to feed the batteries, the 
tension of the spring will then overcome the attractive force, A 
will be swung forward, and the circuit to the battery through the 
clips broken. 

Ringing-current machines are built according to the design 
shown, only there is no automatic cut-out present, and the dynamo 
side is wound for alternating current at a potential of 75 volts. 
The two conunutators are shown at C and C. 

Batteries. Two types of batteries are used in telephone 
exchange work: Primary and Secondary or Storage. The choice 
between the two depends altofretlier upon the amoimt of current 
needed, the cost of charging, and the cost of the electrolyte and 
elements in the case of the primary cell. In general, in small 
exchanges, consisting of three sections of standard board or less, 
primary cells are used, while in larger exchanges, storage cells 
find favor. 

Of the various types of primary batteries, either gravity or 
Fuller cells are used. The maintenance of the former type is less 
riian that of the latter; but, on the other hand, the cost of the 
former is greater than that of the latter. So that where a great 
number of cells are needed, the Fnller batteries are used, and 
when a small number are required the gravity cell comes into 
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play. Tliree gravity cells in eeriea are placed on eacli o[)erator'8 
traneroitteF cireait, wliile two Fuller cells are usually deeniwl siiJli- 
cient. The wire need for battery leads ia No. 14 U. & S. gauge 
soft-drawn copper with rubber insulation protected by heavy 
braid. The conductors of a pair are twisted together, bo that a 
number of leads may be sewed np together in cable form without 
producing crosB-talk. 

Mr. J. J. Carty, Chief Engineer of the New York Telephone 
Company, conceived the idea of feeding a bank of transmitters 
from one storage battery. lie realized that on account of tlie ex. 
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ceedingly low internal resistance of this type of cell, no crosa-lalk 
would be produced by so doing. The reason was as follows: After 
two or more transinitters, each taking normally .20 am{>ere.x. be 
connected to the same battery, the Huctuation in the intenml fall 
of potential due to the fluctuations in the current furnished to one 
tntnemitter upon its being talked into, is of infinitesinial amount 
owing to the very low internal resistance, so that the other trans- 
mitters are furnished with a steady current. This condition wouhl 
be iodpoesible with any form of primary cell. Two cells are re- 
quired in series, and the nunil)er of elements in each will depend 
upon tlie Dtmiber of transmitters to I>e fed. 

Fig. 233 shows the method of connecting up the batteries. 
The mains coming from the charging machine pass through two 
fuses a and b, and thence to two knife switches c and c'. Each of 
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these switches is equipped with three pairs of contacts 1, 2, 3, 4, 
5, and (). The switch is pivoted to 3 and 4. The charging leads 
are wired to 1 and 2, and the battery leads to 3 and 4. Tlie trans- 
mitter leads are connected to 5 and 6. 

The switch c is thrown into the position to charge the battery 
(1\ the current j)assiug from the contacts 1 to 3, and 2 to 4 through 
the batttTy, the transmitter leads being at 5 and 0. The switch c 
is thrown into the position to discliargo the l)attery d into the trans- 
mitters, the current passing through the contacts 3 and 4 to 5 and 
^) and thence to the transmitter bus-bars q and if . The cliarcrinir 

leads are open at 1 and 2. The trans- 
mitter leads are fused at e and f. The 
bus -bars are made of copper rods, drilled 
and tap])ed for machine screws to hold 
the fuses for the various transmitter 
circuits. The wooden strips h and It 
are placed on opposite sides of the bus- 
bars, equipped with binding posts for 
the accommodation of the fuses and the 
transmitter wires, the latter beincr shown 
at 1, 2, 3, 4, and 5. 

In connecting up the charging leads, 
tlie utmost precaution must be taken to 
j)roper]y adjust the ])()larity, so that the positive lead of the charg- 
ing circuit will l)e connected to the jjositive pole of the batteiy. 
Avery convenient melluul of iin«lingthe ])()silive pole of the charg- 
intr circuit is to dip the two terminals in a iar containincr water 
made slightly acid or water into which has been thrown a pinch 
of salt. This point is illustrated in Fig. 224 at a and h. Upon 
so doing, Inibbles will l)e seen to rise from the two leads, but much 
faster from one than the other. The one from which they rise the 
faster is the neijative lead. This experiment is rather dancrerous 
and should be performed with great care. 

Another simple method, and one not attended with so much 
dancrer, is to allow current to How ihroutrh the leads while an ordi- 
nary compass is held under one of tlu'm. The point to rememl)er 
is that when a current tiows over a magnetic needle from north to 
south, the north pole of the needle is detlected to the east. 
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The saccess of the scheme of feedinc; a liitnk of transtnitters 
from a storage battery rests on the fact that the resistance of the 
leads to the bas-bars most be as small as {»ossible. Therefore 
great care must be taken to make the leads as short as possible, 
and of snflScientlj heavy wire. In general, it might be said that 
the battery should have a capacity of 50 amjjeres for small ex- 
changes, and the total resistance, including the battery to the bus- 
bars, should not be over .000 ohm. A fjreat deal of tmublesome 
cross-talk has been caused by overlookinij this fact, in exchancres 
that are otherwise installed with the utnux^t care; and unless one 
is familiar with this point, such cross-talk is very difficult to Icx'ate. 
Protection Apparatus. This subject has already Ixvn toucheil 
On in connection with the main distributincr l>oanl. It will now 
be necessary to go into it a little more in detail in connection with 
power wiring. Reference to Fig. 223 will show that fuses are 
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placed in the charging circuit, and in the discharge circuit to the 
bus-bars, and on each individual transmitter lead. The best plan 
to follow in exchange wiring is to place the necessary knife 
switches, fuses, bus-bars, etc., on a slate power switchboard, upon 
which are mounted also an ammeter in the charcrincr circuit, a 
voltmeter on the same circuit, and also one to measure the poten- 
tial of the battery. In Fig. 225 is shown the style of fuses used 
on the charging and discharging mains. It consists of a strap of 
fuse metal c attached at either end to two copj)er lutrs tf and A. 
These copper lugs are slotted to lit over studs, and are held in 
place by nuts. Tlie fuse metal is made of the re(juisite size to 
carry the current required. The tyj)e of fuse used on the leads to 
the transmitter bus-bars is shown in Fig. 220, and consists of a 
hollow cylindrical fiber tulx? a fastened to two German -silver 8lij)s 
(I and e^ by two brass screws h and c. Tlirough the center of the 
tube runs the fuse which is soldered at each end to the brass col- 
lars m n. The lugs are fastened to the power board by means of 
the screws 8 8\ 
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Switchboard Construction. Fig. 227 shows the rear view 
of the multiple switchboard, in which will be seen the con- 
struction of the fraraework and the placing of the cable and the 
wiring. At A and B are shown the multiple cables for the sub- 
scribers' lines and the outgoing trunks. It will be seen that they 
rest upon a shelf running along the length of the board. The five 
bottom rows are for the outgoing trunks, and the remainder are 
for the subscriber lines. Running in a trough at C, are seen the 
answeriujg jack cables which turn up at their respective sections; 
they are formed out and take the answering jacks at D, D', and D". 
Just below these forms is seen the wiring of the operator's circuits. 

It should be noticed that these switchboards are built in sec- 
tions, each accommodating 3 operators. This is the usual con- 
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struction. Every multiple jack is within reach of every operator; 
the operator sitting in the center position, can reach everything 
on her own section, while the operators occupying the end posi- 
tions, can reach on the adjacent sections everything that is inac- 
cessible on their own. 

COMMON BATTERY SYSTEM. 

The desire to centralize power has permeated even the tele- 
phone practice, and within the past five or six years various sys- 
tems have been introduced with this end in view. It was supposed 
that if the batteries could be removed from the subscriber tele- 
phones, the cost of their maintenance would be entirely wiped out. 
If the batteries were all concentrateii in the exchange, and the cur- 
rent fed out over the line during conversation, they could be 
maintained in better shape and at a lower cost than when scattered 
about the district at each subscriber station. Again, the current 
may be used for automatic signals which would accelerate the 
service. These considerations led to the development of the so- 
called roiinnou hattenj^ or coitral enenjf/ systems that have come 
rapidly to the front in the past three years. 
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The earliest and simplest method for i 



I common bat- 

~(ery is shown in Fig. 228. In this case, the rtN;Bivor and trans- 
mitler of both subscriber instruments are connected in series with 
the battery a in the middle. Grounded circuits are tised. This 
method of connecting up telepliones is known as direct tran^iius- 
K'on and operates as follows; Liit the right-hand telephone be used 
for transmitting and. the left-hand one for receiving. The trans- 
mitter <? npon Wing spoken into will causo a variable current to 
flow over the line, and this passing through the receiver h will 
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reproduce the sound in the nanal manner. TraDsraission is car. 
ried on in the opposite direction in the same manner. 

As has already Ijeen pointed out, this direct Iransniiaeion is 
not sensitive, bueauee the resistance of the line forma too great a 
ratio to that of the transmitter, for short lines it does very well, 
but for general use it does not give good results. Tho operator's 
o«rd circuits liave each an independent battery so that cross-talk 
ni!iy not result. 
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The Stone System. Proba])ly the first system devis 
wberehy one coiiiinon battery was made to feed all the cord circuits 
was that devised by Stone. The plan of wiring is shown in Fig 
229 where (7 and A represent the receiver and transmitter at on 
station, and c and // those at the other. The battery </ is connect 
across the line through the retardation coils e and yi A metallic 
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circuit is used throughout. Tlie action of this system is as follows 
Current flows from the positive pole of the battery tj throng 
the retardation coil e to the point o where it splits, one portiom^ 
going through the receiver a and transmitter h back to o\ th 
other portion flowing from o through the receiver c and the trans- 
mitter i1 goes back to ^/. This current divides itself in proportion 
to the resistance of the two circuits. The retardation coils e and 
are wound with comparatively heavy wire, so that while the ohmic*:^ 
resistance is low the impedance is vim'v hiijh. As a result thev 
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ofl'er verv little resistance to the flow of the direct current of the 
battery, but entirely choke out the raj)idly varying current pro- 
duced by talking. 

8ince the current in the two branches divides itself in the in- 
verse ratio of the resistance of the two circuits, the flow of cur- 
rent through the retardation coils is practically constant. Tlie 
talkincr current flows around the circuit throucrh the two receivers 
and transmitters. On short lines this systiun works ^vell, giving 
better results than the one previously described. 
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It has been said that this system renders it possible to use one 
common battery for all the cord circuits, and that with the use of 
the retardation coils cross-talk is done away with. The method in 
which this is accomplished is shown in Fig. 230, in which two con- 
nections each between two subscriber lines are shown. At a and 
b are shown the two retardation coils on one pair of cord circuits, 
and at c and d those on the other. To illustrate this action, let us 
suppose that conversation is being carried on over the other con- 
nection. As the transmitters are talked into, a variable current 
flows out from the battery over the circuit. It might seem at first 
sight that this current upon reaching the points 1 and 2 would 
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Fig. 230. 

divide, part flowing through the lower connection. This is pre- 
vented by the retardation coils in the following manner: 

First, it has been shown that the variable talking current is 
nearly all confined to the circuits joining the two subscriber tele- 
phones, and that the current flow through the retardation coils is 
nearly obstructed. Whatever variable current does pass through 
these two coils would, upon reaching the points 1 and 2, have two 
paths, the one through the retardation coils c and d, and the other 
through the battery. The first possesses high induction, the sec- 
cond almost none, so that this variable current would all flow 
through the battery, thus preventing cross-talk. 

Hayes System. A modification of this system, gotten out 
by Mr. Hammond V. Hayes, is shown in Fig. 231. Here the 
retardation coils of the Stone system are replaced by a repeating 
coil having four windings a, h^ c, and d. Suppose that station 
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No. 1 is transmitting to station No. 2, a variable current will be 
set up through this station which will pass through the windings 
a and c of the repeating coil. In consequence, an alternating cur- 
rent will be induced in the windings b and d of the coil, which 
will flow through station No. 2, reproducing the sound. 

Should station 2 wish to transmit to station 1 by talking into 
the transmitter a variable current is set up through the windings 
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h and d of the repeating coil, with the result that induced currents 
are set up in the windings a and c, which reproduce the sound at 
the other end. The repeating coil thus acts as an induction coil. 
When station 1 transmits to station 2, the windings a and c are 
the primary, and h and d the secondary. When transmission is 
carried on the other way the reverse is the case. 
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With this system, as with tlio one previously described, a 
common battery is used on all the cord circuits, and cross-talk is 
kept out in much the same manner. This point will be illustrated 
by reference to Fig. 282, in which two connections are again 
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shown. If conversation is being carried on over the upper connec- 
tion, the variable current, through what hap|)en8 to be the primary 
winding, and the induced current, through what happens to be the 
secondary winding, upon reaching the points 1 and 2, have a choice 
ot two paths, one through the battery and the other through the, 
retardation coils in the lower circuit. The battery, however, hav- 
ing practically no self-induction, prevents any of this current from 
reaching the lower circuit and producing cross-talk. This system 
gave better results than that invented by Stone, because the cur- 
rent from the battery is used only to feed the transmitter, the 
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repeating coil in the exchange acting like an induction coil. In 
other words, it is one step removed from direct transmission. 

The next step in the development of this system was to place 
an induction coil in each of the subscriber telephones, and to this 
end the Dean system was introduced. The plan of wiring is 
shown in Fig. 233. A grounded battery a is connected to the 
center point* of a retardation coil h which is bridged across the 
line. A second retardation coil e is placed at each subscriber sta- 
tion and from its center a connection is made to point No. 1 in 
the transmitter circuit of the telephone. Point No. 2 at the oppo- 
site side of this circuit is grounded. The current from the battery, 
upon reaching the middle point of the retardation coil h^ splits, 
one half following one side of the line and theother half following 
the other side. Upon reaching the subscriber station, these two 
halves flow through the retardation coil r, uniting at the middle 
point and flowing to point No. 1. Here the current again divides. 
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one half going through the primary winding of an induction coil, 
and the other half passing through the transmitter. They again 
unite at 2 and flow to ground. 

It should be observed that the arrangement of the transmitter 
circuit is somewhat different from anything yet shown. Instead 
of the current flowing through the primary coil and transmitter in 
series, the one is shunted onto the other, which gives a more sen- 
sitive arrangement. The transmitter current flowing out over both 
sides of the line in parallel has no inductive effect, providing the 
resistances of the two sides of the circuit are equal. The talking 

current, induced in the secondary 
Of winding of the induction coil, flows 

over the line in the usual way, and 

on account of the high self indoc- 

L ^ ~ tion, does not pass through the re- 

Y\\^^ tardation coils. As far as trans- 

^ d mission is concerned this is a better 

arrangement than any previously 
described. 
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In addition to gaining the ad- 
vantages already mentioned in con- 
nection with the maintenance of the 
apparatus, the current from the 
common battery is made use of to 
operate automatic signals so that 
the service may be expedited by 
their greater reliability and quick- 
ness of action. The scheme adopted 
for working this automatic signal, is to provide a lamp so wired to 
each subscriber line, that when the receiver is lifted from the hook 
at the subscriber station, it will be lighted. 

The plan first adopted was to equip each subscriber telephone 
with a bell, the resistance of whose coils was 6,000 ohms instead 
of the usual 1,000. The wiring was as shown in Fig. 234 in "which 
a represents the bell coils having a resistance of 6,000 ohms, b the 
receiver, c the transmitter, and d the hook switch. One side of 
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the line runs through the retardation coil // to the common battery 

#/, while the other side passes through the lamp y* and the contact 
point 1 of the jack e. The battery <j is continually on the line, and 
current flows constantly through the bell coils. On account of 
their high resistance, however, the volume of the current flow is 
not suflicient to illuminate the lamp. 

Upon the receiver being removed from the hook, the bell coils 
are shunted by the circuit through the hook switch, transmitter,* 
and receiver, and the current flow is thereby sutKciently increased 
to light the lamp. As far as the operator is concerned, this lamp 
answers the purpose of the drop, and upon seeing it light, she 
plugs into the jack to answer. When the plug enters the jack, 
the contact is broken between the upper jack spring 
and point 1, cutting off the portion of the circuit con- 
taining the lamp and putting it out. 

The talking battery is connected to the o|)erator's 
cord circuits in a manner to be described later. The 
retardation coil h is used for preventing cross-talk. 
It must be remembered that the battery <j is common 
to all lines, and while the resistance of the bell coils 
of one subscriber telephone is sufficiently high to pre- 
vent an appreciable amount of current from flowing, Fig. 235. 
yet when several such bells are bridged to this battery, 
the resistance of the combined circuit is very much less, and as a 
result, a large leakage from the battery takes j)lace. 

For example, suppose that there were 100 subscriber tele- 
phones bridged to one battery in an exchange, which figure is very 
small. If each bell had a resistance of 6,000 ohms, the combined 
resistance of the whole bridge would be CO ohms, which would 
allow of a very serious drain on the cells. To overcome this 
defect, a condenser was made use of, and the wiring of the telephone 
was as shown in Fig. 235, in which a again represents the bell 
coils, h the receiver, c the transmitter, and d the hook switch. At 
e is shown a condenser which is cut in series with the bell coils. 
Tliis condenser presents an open circuit to the direct current from 
the battery, although it allows the alternating current from the 
ringing machine to pass through readily. 
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With this style of wiring, while the rtx^eiver is on the hook 
there is absolutely no current passing through the telephone, so 
that there is no drain upon the battery. 

The telephone wiring shown thus far, included no induction 
coil. A further step was necessary to providia for this piece of 
apparatus. AVhen this was done, the instrument was brought to 
its present condition. Tlie plan of the wiring of the fully- developed 
•common battery telephone is shown in Fig. 236. As in the other 
form, the bell ^/, wound to the usual resistance of 1,000 ohms, is 
bridged across the line in series with the condenser g whose capacity 

is 2 M.F. Connected to the No. 1 side of the line 
is one terminal of the primary winding e of the in- 
duction coil, while the other terminal of this coil is 
connected to the contact point. The transmitter c 
is connected to the hook switch and to the No. 2 
side of the line. The secondary winding d of the 
induction coil has one terminal connected to the 
contact point and the other to one terminal of the 
receiver h. The other terminal of the receiver is 
connected between the bell a and the condenser y. 
The action of this telephone is as follows: Tlie 
receiver being on the hook switch, the line is oj)en 
tlirouo;li the condenser to the direct battery current, 
but the Jiltenuiting ringing current can readily mss 
tliro\it{li so tliat the subscriber can be rung in the 
usual niiiiiiier. When the subscriber removes the 
telephone from the hook switch, a circuit is formed 
from tile No. 1 side of the line through the ])rimary winding of the 
iuduetion coil to the hook switch, thence through the transmitter to 
the No. ^ side of tlie line. AVhen the transmitter is 8j)oken into, 
a variable current Hows over the line from the battery in the ex- 
change, ])assing through the primary winding e. An alternating 
current is thereby induced in the secondary coil f7, which flows 
through the receiver J, the condenser y, the No. 2 side of the line, 
to the transmitter, through which it passes back to d. 

After much ex|KM'imenting, the wiring of the subscriber's 
line shown in Fig. 287 has l»een adopted by the Bell companies as 
the l)est suited for general use. The subscriber telephone is shown 
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at the left-hand side, and the 
line is seen running between 
it and the main distributincr 
frame tr. The multiple jacks 
are seen at a, b, and ^, and 
the answering jack at d. So 
far, the arrangement is very 
similar to that of the bridg- 
ing board. The jack used 
here is of simpler design 
than that of the bridging 
board. It is made up on two 
contact springs 1 and 2 and 
the ring 3. The contact 
spring 2, when the plug is in 
the jack, touches the tip. 
The spring 1 touches a brass 
ring on the plug, while its 
shank makes contact with 
the ring of the jack. The 
jacks are bridged across the 
line in the same manner as 
in the plain bridging system. 
The horizontal side of 
the intermediate distribut- 
ing board x x has three lugs 
7, 8, 9, and the vertical side 
is equipped with four, 7, 8, 

9, and 10. The two sides of 
the talking circuit are con. 
nected to lugs 7 and 8 on 
both sides of the board, w^hile 
the wiring running from the 
ring of the jack is soldered 
to lug No. 9. 

On the vertical side of 
the board is seen a fourth lug 

10, to which is connected a wire running from the line lamp <'. Two 
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relays are seen. The one marked A is known as the cut-off relays 
it has one terminal of its coil connected to lug No. 9, and there- 
fore to the wire running from the rings of the jacks. The other 
terminal of this coil is grounded at ///. Attached to the armature 
of this relay are two springs 1 and 2, which are insulated both 
from each other and from the armature. When the relay is not 
energized, these two springs make contact with the two points 3 
and 4, to which are connected the two sides of the talking circuit. 
No. 4 Ijeing connected to that side of the line that touches the tip 
of the plug. Spring No. 1 is grounded at //^ while No. 2 is con- 
nected to one terminal of the line relay o. The other terminal of 
the coil of the relay is connected to the grounded battery y. This 
relay has one armature 5 grounded at ?/?, and one contact point 6, 
which is connected to lug 10, and therefore to the wire running to 
the lamp e. 

The action of this circuit is as follows: When the receiver is 
on the hook at the subscriber station, the line is open through the 
condenser. Upon the receiver being removed from the hook and 
a path formed through the primary coil and transmitter, the cur- 
rent flows from the battery f\n the direction indicated by the 
arrows. The line relay will therefore become energized and its 
armature 5 drawn against the contact point 6. A second circuit 
is now formed from the battery /* through the lamp f to the lug 
10, to the contact point 0, to the armature 5, and to ground at ;//. 
The lamp becomes lighted. The subscriber o[)erator upon seeing 
the lamp become illuminated, plugs into the answering jack (L 

For the present all that will be necessary to know is that on 
the shank of the plug is a battery and upon touching the ring of the 
jack, current flows along the wire to lug No. 9, thence through 
the coil of the cut-off relay A to ground at in. This relay being 
energized, the two springs are pulled away from their respective 
contacts, and the current is cut off from the line. As a result, the 
relay o ct^ases to be energized, its armature 5 falls away from the con- 
tact 0, ojKMiing the circuit through the lamp e^ and putting it out. 

We may sum up the conditions under which this circuit works 
as follows: The potential of the common battery /* is on the line 
constantly. Owing to the presence of the condenser in the bell 
circuit, however, no current flows. Directly the receiver is removed 
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from the hook awitch, cnrrfDt flows through the line reky to the 
sahscriber telephone and back, lighting the line lamp and giving 
the operator the signal that attention is require«f. The operator, 
open placing in to answer, energizes the cut-off relay whiuh 
operates to disconnect the battery from the line, breaks the circnit 
throogh the line lamp and puts it ont. 

The wiriiig of the operator's cord circuit should be understood 
next. The plan of the wiring is shown in Fig. 238, and the simi- 
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larity will at once be seen between tliis arrangement and that of 
the outline circnit shown in Fig. 231. A repeating coil having 
four windings is connected to the common battery as shown. The 
windings 1 and 2 are connected to the calling ping <i, those marked 
'd and 4 are connected to the plug b. The common battery (one 
side being grounded) is connected to the junction between 1 and 
8 and 2 and 4. Wired in series with the side of the cord circuit 
leading to the ring of the plug are two relays (/ and (/'. From the 
point m two battery leads run, one to each of the two lamps <' and 
e. In series with these two lamps, and between them and the 
shank of the plug, are two German-silver resistances /* and /^. 
From the point o two leads run to the armatures h and h' of the 
relsya d and d'. Two other resistances fj and <j have one terminal 
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connected to the contacts i and /' respectively, and the other ter- 
minals to y and /". The listening key is shown at k^ and acts in 
the usual way to bridge the operator cord circuit across the cord 
circuit. It will be observed that a condenser 7*- is cut in between 
the receiver I and the secondary winding q. This is done to pre- 
vent the current from the battery c from flowing through the 
receiver when the operator listens in. The primary circuit con- 
tains in addition to the transmitter and receiver, a retardation coil 
n and a condenser 8. It must be remembered that the battery c is 
common to the exchange, and furnishes all the current used; that 
on the line circuit, that on the cord circuits, and that on the oper- 
ator's transmitters. 

When the common battery system was introduced it was 
thought best to provide a sej)arate battery for the line signals, a 
separate battery for the operator's transmitters, and a separate 
battery for the cord circuits. The potential used for the first was 
6 volts, that for the second was 4, and that for the cord circuits 
24. It was soon discovered that everything could be run off the 
24-volt circuit, so that this potential was adopted as standard for 
the common battery system. The proper understanding of this 
point is essential to the thorough comprehension of the subject. 

Returning to the operator's transmitter circuit, the retardation 
coil u is placed in circuit to guard against cross-talk. Its resist- 
ance is about 100 ohms, which serves to reduce the current fur- 
nished to the transmitter, down to the proper amount. The con- 
denser /?, having a cajmcity of 2 M.F., being bridged across the 
transmitter and primary coil, assists the retardation coil in keeping 
out cross-talk; for if any of the talking current from some other 
operator's set, should leak past the retardation coil, it will be 
absorbed by the condenser rather than pass through the transmitter 
and primary coil, which is possessed of high self-induction. 
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AUTOMATIC SIQNALS.-<Continued.) 

Heturning to the cord circuit — it will be seen that current is 
furnished to both the answering and calling plugs through the re- 
tardation coil. Following the wiring of the shank of the plug, it 
will be seen that, when the plug is inserted into the jack, current 
is sent from the battery through the lamp and resistance to the 
shank, thence through the shank wire to lug 9, Fig. 237. From 
this point it passes through the coil of the cut-off relay A to ground 
at 7/1 energizing the relay and cutting off the direct battery from 
the line. The resistance of the lamp, the coil in series, and the 
cut-off relay are so proportioned that sufficient current is allowed 
to flow to energize the relay and to light the lamp. When the re- 
lays d and d\ Fig. 238, are energized, their armatures are drawn 
up against the contact points, and shunt circuits, through g and (j\ 
are placed on each lamp. These shunt resistances are so propor- 
tioned that the current flowing through the lamp is reduced suffi- 
ciently to prevent illumination. Using the 2J:-volt battery, the 
cut-off relay A is wound to a resistance of 30 ohms, and the series 
resistances f and f each have a resistance of 83J ohms. Tlie 
lamps € and e* are designed to operate on a potential of 12 volts, 
so that a resistance equal to their own must be placed in series, 
thus the combined resistance of the cut-off relay and coil f or f* 
is 113^ ohms, which equals the resistance of the lamp. 

The resistance of the shunt coils </ or (j mu8t be of the projier 

magnitude to reduce the current flow through the lamp to prevent 

it from being illuminated. When the shunt circuit is open the 

total resistance of the circuit on the shank is 113J + 113A = 227. 

24 
The E.M.F. being 24, the current flow = -^-y^ = .105 amperes, 

which amount is suflicient to illuminate the lamj). This lamp will 
just glow very faintly with .OG am[)ere. 
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It has been found by experiment rather than the result of cal- 
culation that a shunt resistance of 40 ohms will sufficiently reduce 
the brilliancy of the lamp to produce the desirtnl effect. Suppose 
the resistance of the shunt coil to be 40 ohms, and suppose its cir- 
cuit to l>e closed. The total resistance of the shank circuit will 
then become 

30 + 88J -f — rr 148 ohms. 

- 1 1 



ll:U + 40 

The total flow of current in this circuit will be given by the 

24 
expression ^to = -17 ampere. 

The current will divide itself between the lamp and shunt resist- 
ance in inverse ratio to the two resistances, or as 40 : 113, which 
])ro|K)rtion gives a current flow of .06 amperes, w^hich is sufficient 
for the purpose. 

The relays d and d' deserve special mention. Since they are 
both placed in the talking circuit, some device must be used for 
rendering them as feeble a barrier to transmission as possible. 
They must also be proof against cross-talk. The first point is 
accomplished by providing each relay with two windings — one hav- 
ing a resistance of 10 ohms and being wound inductively, the 
other having a resistance of 100 ohms and being wound non-induct- 
ively. The direct current from the battery selects the low resist- 
ance inductive path of 10 ohms, because this current sets up little 
or no counter E.M.F. of self-induction. The talking current 
which is alternating, and therefore capable of setting up a counter 
E.M.F., chooses the high resistance non-inductive path. 

HANDLING A CONNECTION. 

Before giving a more thorough explanation of the manner in 
which transmission is carried on over this circuit, it will be neces- 
sary to explain the method of handling a connection. This will 
be done by reference to Fig. 239. Suppose a and b to be two sub- 
scribers' telephones. The multiple jacks connected to <?'s line 
l>eing shown at/*, jr, and /^, and the answering jack and line lamp at 
c and i respectively. The multiple jacks on i's line are shown at J, 
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kj and Ij and the answering jack and line lamp at m and n respee- 
tively. Suppose that a^ desiring to call, raises the receiver from 
the hook, thereby lighting the line lamp i in the manner already 
shown. The operator, sitting before the answering jack, plugs in- 
to the answering plug with the result that current is sent through 
the shank wire of the plug to the ring of the jack, and thence 
through the cut-off relay c' to ground, thereby cutting off direct 
battery and putting out the line lamp. The receiver being off the 
hook at a, current flows out on the line through the windings 1 
and 2 of the repeating coil. Therefore, the supervisory relay o is 
energized and the shunt circuit being closed, the lamp^ does not 
glow. At this stage, the subscriber's transmitter is fed by current 
sent out through the repeating coil, direct battery is cut off the 
line, the line lamp circuit is opened, and the supervisory lamp 
shunted out. 

Suppose that the call is for subscriber b. The calling plug is 
pushed into the multiple jack^' of h^s line and the ringing key de- 
pressed. The condition shown in the illustration is that existing 
before b has removed the receiver from the hook switch to answer. 
The calling plug being in the jack^;, the cut-off relay c is enei^ized, 
and the direct battery cut off the line. The receiver at b being on 
the hook, the line is oj)en at the condenser, so that no current flows 
through the supervisory relay o'. Therefore, the shunt around the 
lainp^/ is opened and the lamp illuminated. Directly b removes 
the receiver from the hook to answer, the line is closed through the 
primary coil and transmitter, current flows from the battery, 
through the windings 3 and 4 of the repeating coil to the tele- 
phone, the relay o' is energized, with the result that the shunt 
around j/ is closed, and j/ dimmed And this is the state of things 
during conversation. 

At the completion of the conversation, both telephones are 
hung up, and l)oth lines again o[)ened. Current therefore ceases 
to flow through o and o\ and as a result, the shunt circuits around 
J} and J'/ are ojyened, and both lamps become illuminated. Upon 
seeing this the operator instantly clears the connection. 

It will be observed that these suj>ervisory signals are much 
more efficient than the ring-off drop since they are independent 
and automatic. The clearing-out drop necessitates the additional 
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work on the part of the subscriber of the ringing, upon the com- 
pletion of the conversation, a thing which took time and was often 
forgotten, and when forgotten the operator either left the connec- 
tion up or was put to the necessity of listening in to find out 
whether or not conversation was going on. With the signal sys- 
tem just shown the case is different. The proper operation of the 
signals depends only upon the act of hanging up the receiver, a 
thing not so likely to be forgotten as the additional work of ring- 
ing off. While subscribers do sometimes forget to hang up, it is 
not probable that both will forget to do so, and since the super- 
visory signals work independently, the action of one subscriber 
hanging up, lights the signal on his side of the cord circuit. The 
operator seeing this would clear the connection. 

The connection being cleared, the cut-off relays are released, 
direct battery is thrown in on the line, and the original condition 
is again established. In Fig. 239 the ringing current generator 
is not shown wired to the key for the sake of clearness. 

It will now be time to say a word more on the subject of the 
method of transmission. Suppose the subscriber at a to be trans- 
mitting to the party at J. In speaking into the transmitter, a 
variable current is made to flow from the common battery through 
the windings 1 and 2 of the repeating coil, over the line to and 
through the primary coil and transmitter at the telephone. This 
variable current does two things. At the telephone end, it sets up 
a talking current in the secondary winding of the induction coil, 
which flows through the receiver, condenser, transmitter and back 
to the coil again. This is side tone. At the repeating coil, this 
variable current sets up a talking current in windings 3 and 4 
which flows over the other line — the re<!eiver supposed to be off 
the hook — and passing through the primary winding, receiver 
secondary winding and condenser, reproduces the sound. The 
windings 1 and 2 act as the primary of an induction coil, while 3 
and 4 act as the secondary. When h transmits to a^ the action is 
the same but in the reverse order. Tlie windings 3 and 4 then 
become the primary, and 1 and 2 the secondary. 

While the common battery system is excellent for rapid 
service, and while it tends towards a better and cheaper mainten- 
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anoe, the transmission is not so good as that of the local battery 

system under the best conditions. 

The line and cnt-off relays 
are mounted upon a separate 
rack, and the line lamp only is 
on the face of the board in addi- 
tion to the jack. The line lampe 
are mounted in the same strip 
with the answering jack, each 
lamp being directly below the 
jack to which it is attached. The 
sections, as is the case with all 
multiple boards, both series and 
bridging, are made to accommo- 
date three operator positions 
each. The supervisory relays 
and the 83|- and 40-ohm resist- 
ance coils are mounted in the 
rear of the switchboard. The 
supervisory lamps p and p' etc., 
are mounted in the keyboard in 
two rows directly in front of the 
cords. 

Trunking. With the intro- 
duction of the common battery 
system came additional chani;es 
in the truuking systems, which 
reduced the time of making and 
clearinor a connection to a mini- 
nnini. In Fig, 240 is shown 
the wiring of a trunk from a 
macrneto switchboard to one 
operating under the common 
battery system. The magneto 
switchboard selected is of the 
bridping tyj>e. but the method 
of o|)erating is the same for the 
series board. At the outgoing 
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end is a relay a wired iu series with the busy-test battery. To the 
two contact springs is wired a retardation coil b of high impe- 
dance, and having a resistance of ()00 ohms. When a plug is 
inserted into a jack this retardation coil is bridged across the line. 
Its center point is groundtKl at in. At the incoming end is the 
repeating coil with the four windings 1, 2, 3, and 4. The first 
two are strapped together, and the battery is wired between the 
other two. Tlie wire running to the shank of the trunk plug 
passes through a relays/ and a lamp /'. The upper spring of this 
relay is wired to the tip of the plug, while the lower spring is 
wired to the lamp /", the other terminal of which is connected 
through a resistance h of 100 ohms to ground. Wired to one side 
of the battery is the relay r, called the trunk-line relay, whose 
resistance is 25 ohms. The other terminal of this relay is wired 
to the strap on the repeating coil. 

The armature of the relay c is wired to the battery, while the 
contact is wired through a 30-ohm coil / to the junction of I" and h. 
The inner contact for the lower spring of the relay d is wired to 
the battery, while the outer contact is wired through a 25-ohm 
coil (J to ground. The relay e^ which is of the same type as that 
on the operator's cord circuit shown in Fig. 239, has the armature 
connected to the shank wire of the plug, and the contact, through 
a resistance Jc of 30 ohms to the coil of the relay /*, a strap being 
extended to the left-hand inner contact. The left-hand spring of 
the relay y, is wired to the battery through the resistance ; of (30 
ohms, and the right-hand inner contact is strapped across. The 
right-hand 8])ring is connected to one terminal of the lamp Z, the 
other terminal of which is wired to the shank of the plug. 

It will be seen at a glance that the upf)er spring of the relay 
d performs the functions of an automatic testing key. The method 
of handling connections over this trunk is the same as that already 
described. The trunk operator having received the call in the 
usual way tests the line called for in the manner already described, 
and assuming the line not busy, plugs in. A circuit is instantly 
formed along the wire to the shank of the plug, thence through the 
cut-off relay oji the called subscriber's line to ground. The relay 
d is energized, the trunk closed through at the up{)er side, and 
current sent through the lamj) /" and resistance h to ground on the 
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IvTTrrr s>;-. T-T :r:^£ -c^rriii-^r rl-c:? ihe subecriber. IVht^n the 
•i- -.-icrrlVr ..:»rr\: .r i -^l^^ :i.:o tin: :mnk jack, the lelar a is ener- 
c-izteii »-•: -.Lt i.-?-.-!-:^: r-r--AriA:Va c»>lI 5 bridged across the line. 
C ^rrti.: :!-:: z jt* tlr.-Xri :!- :m-k line wrlay ^ aloag both sides 

•>f ihe tmnk in parallel to the 
^j ^:Tt>Gnd at f/*. energizing the re- 

^ liT '.- and closing the armature 

&Lj>:ns: the contact. Directly 
this happens the resistance coil i 
15 eon:ieett:d in shnnt across the 
laiup r\ making its illumination 
iL^'sible. or ** shunting it oat'\ 
as :c is called. When the callKl 
5ul«scriber removes the receiver 
from the hook, current is sent 
one to him through the relay e 
energizing it and closing the 
armatare against the contact, 
with the result that current is 
st-ut thronjrh the resistance il' and 
thf relay f forming a shunt 
:iroun«l the lamp /'. The current 
i^iSsiiij/ thruutrh f enercnzes it 
itii 1 the two springs are close<l 
;ii::tii«-t their respective contacts. 
« >ii the left-hand side current 
]<ir-?«'? through the resistance /, 

the euntaet and coil of the relay 

• 

r\ thus causing the coil / to l>e 
shunteil around l\ Sufficient 
current is drawn from /' to 
.-hunt it out. The spring and 
contact close the circuit throutrh 
the lamp /; but this lamp is also 
.-hunted out by the same circuit, 
rpon the completion of the con- 
vcrsjition an<l tin* consctjuent hantxincr up of the receiver by the 
culliMJ party, the n-hiy ' U n-leascd, it? armature fallsaway from the 
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contact and the circuit through k is opened. The relay y, however, 
does not release because it is locked through its left-hand spring 
and contact, and the lamp /' still remains shunted out. The lamp /, 
however, being of a lower resistance than /', lights up the instant 
that the circuit through k is opened, and therefore serves as a 
signal to the trunk operator that the called party has hung up. 

Upon the subscriber operator clearing the connection, the 
ground is taken off the outgoing end of the trunk, the trunk line 
relay eis therefore released, and the shunt through the coil / removed 
from the lamp /", which instantly lights up. The trunk operator 
clears the connection either upon seeing the lamp / or the lamp I" 
light up, according to instructions. As a usual thing the lamp 
/" is taken as the signal, which means that the trunk operator waits 
for the subscriber operator to clear out, before doing so herself. 
The lamp Z" also serves as a guard lamp against cut-offs. 

Should the trunk operator through carelessness or other cause 
clear the trunk during the process of conversation, the lamp l" will 
instantly light up, because the connection being up at the outgoing 
office the ground in is still on the trunk, and the trunk line relay 
energized. The trunk plug being removed from the subscriber 
jack, the relay d is released, and the lower spring leaves the inner 
contact and touches the outer one. A circuit is therefore formed 
through the resistance /, the lamp Z" and the resistance (j to ground. 
The coil h becomes a shunt on the lamp but its resistance is too 
high to shunt the lamp out. 

In Fig. 241 is shown a trunk between two common battery 
offices. It will be seen to be much simpler than the one previously 
shown. A condenser c is cut in between the windings 1 and 2 of 
the repeating coil. From the point 1 a wire extends to the con- 
tact on the supervisory relay y, the spring of which is grounded. 
The trunk line relay e is wired to the point </. With the exception 
of the ringing key, the rest of the wiring is the same as that already 
shown. The wiring of the ringing key is for what is known as 
machine rinying. The ringing key is provided with a catch, 
which, when the key is depressed, holds the contacts in the position 
to allow the ringing current to flow over the line. Wired in series 
with the ringing machine is a magnetic clutch k which is so ad- 
justed that, when the called subscriber removes the receiver from 
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the hook to answer, it is energized safficiently to trip the catch and 
cut off the ringing current. This arrangement saves a good deal 
of the trunk operator's time, and prevents ringing in the called sub- 
scriber's ear. 

Tlie best feature of this circuit lies in the fact that by means 
of it the subscriber operator has her supervisory signal controlled 
by the called subscriber's hook switch. Eeferring to the outgoing 
end of the trunk, the ring of the jack is wired to ground through 
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a coil o lijivintr a resistance of 86 ohms, so that the shank circuit 
of the operator's cord circuit will be completed. A plug being 
inserted into the trunk jack, the suj)ervi8ory lamp lights. The 
ring of the J>lug sends current out through the jack spring o over 
one side of the trunk to the point S, and thence to the contact 
point of the enjKTvisory relay (j. The tip of the plug, touching 
the jaek sprintr n' puts a ground on it because it is connected to 
the groun<led nide of the l)attery, and therefore a current flows 
throuijjh the trunk line relay e to the point d and thence over the 
op|H)site side of the trunk to ground through the tip of the plug. 
The relay /'and the lamp /" work exju'tly the same as shown in 
Fig. 240. The called party taking the receiver from the hook 
energizes the relays, closing the spring against the contact. Cur- 
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rent now flows through the supervisory relay on the subscriber 
operator's cord circuit to the jack spring o to the ground, energizing 
the relay and shunting out the lamp. When the called subscriber 
hangs up upon the completion of the conversation, the relay g is 
released, the ground taken off the contact, and therefore the circuit 
over which flowed the current through the subscriber operator's 
supervisor^' relay is broken. The shunt on the supervisory lamp 
being thus removed, the lamp lights, just as if the called sub- 
scriber's line had terminated in the same exchange as the calling 
line. This form of trunk circuit is the most eflicient ever devised. 
There are three weak points about the common battery line 
and operator's cord circuits that have been shown so far, and 
they are: 

First, when the operator plugs in to answer a call the subscriber 
hears a painful click in the ear, caused by the direct battery being sud- 
denly cut off the line through the cut-off relay. Second, during conver- 
sation current is rec|uired to keep the cut-off relay energized. Third, the 
presence of a relay in the talking circuit. 

In Fig. 242 is shown a very simple circuit which does away 
with the click in the ear upon the operator answering. In this 
circuit the battery is permanently connected to the subscriber lines 
through the relays a and «'. The armature of the relay rests nor- 
mally against the outer contact point, the inner contact being con- 
nected to the lamp </, whose other terminal is connected to the 
grounded side of the battery. The armature itself is connected to 
through the resistance h to the free side of the battery. The tip 
and ring of the plug form the connections of the talking circuit, 
the two shanks being connected together through the lamps e and 
e*, one side of each being grounded. Two condensers^* andy* are 
cut into the talking circuit. 

Keferring to the left-hand line, when the subscriber removes 
the receiver from the hook switch current flows through the relay 
a. The armature is pulled against the inner contact, and current 
flows through the resistance h and the lamp d to ground. The 
lamp becomes illuminated. The operator pliigging in to answer, 
throws a ground on the ring of the jack through the shank of the 
plug, w^hich shunts the lamp e across the lamp </. The resistances 
and current-carrying capacities of these two lamps are so propor- 
tioned that both are shunted out. 
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When the subscriber hangs up, the relay a ceases to be ener- 
gized, the armature falls against the outer contact opening the 
circuit through the lamp d. The two coils c and h are connected 
together through the lamp e with the result that the latter lights 
as the shunt has been removed. 

Since the battery is permanently connected to the line, the 
click in the ear is done away with, as is the presence of the relay 
in the talking circuit. The current passing through the two lamps 
in multiple is fully equal to that taken by the cut-off relay, so that 
no saving is accomplished in this manner. This circuit provides 
no busy test as current is continually on the ring of the jack. It 
is consequently not suited for multiple switchboards 




Fi^r. 213. 

Aiiotlicr form of circuit is sliown in Fio;. 243 which aims at 
reducing the ainount of current used up in shunting out signals 
durincr conversation. As in the previous one, the battery is per- 
manently eonneeted to the line throuo;h a retardation coil. When 
the subscriber removes the receiver from the hook the relay a be- 
comes enerirized closiuix the lamp circuit h. Referrincr to the cord 
circuit, the talking contacts here are the tip and the shank and 
upon the ])lug being inserted into the jack, current ;riows along the 
wire from the ring through the supervisory relay (^/ to the tip of 
the ])lug and thence out on the line. The relay is energized, and the 
armature pulled away from the contact. The current through the 
relay tf is so far shunted as to cause it to release, and open the line 
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lamp circuit. When tlie subscriber bangs up, tbe relay d is 
released, the aniiatiire falls against tbe contact and ligbts the en- 
pervisopj lamp. This circuit has same good features, but it ia 
very problematical whether or not it is itiori' econoinical of current 
than the one originally shown. In Fig. 244 is shown the general 
appearauoe of an exchange switchboard. Tbe one shown ia of the 
common battery type with a cajwcity of 5,400 lines. Tbe girl seen 
Btauding up is called a unpi'miMfi; and her duty is to see to it tliat 
the operators attend properly to their work and also to assist them 
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Fig. 244. 

out of any difficulty that they might get Into from time to time. 
The chief opumtor sits at a desk and has direct charge of all the 
operators. Tbe whole force is presided over by a manager. 

TOLL BOARDS. 

Long toll lines, UjK>n which a mileage rate is charged, are 
handled over a special board placed in the most convenient ex- 
change. In cities having only one exchange, and in which the 
toll business is lai^, each exchange has a toll board. Toll boards 
are equipped, in addition to the toll line multiple and answering 
jacks, with a multiple of the outgoing trunks to other exchanges. 
For example, tbe toll board in the Courtland St. exchanire, for 
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a new form, a corresponding change must be made in the wiring 
of a portion of the cord circuits. Toll hoards are designed on the 
multiple type, but differ in construction from the local switch- 
boards in the fact that the sections are built to accommodate only 
two operator positions instead of three. The reason for this change 
lies in the fact that greater ease is given to the operator thereby, 
to reach all the jacks in the multiple. With large multiples in 
use in the local switchtoards this device cannot be resorted to on 
account of the extra expense. For example, suppose that a switch- 
board is equipped with 5,000 subscriber multiple jacks, and that 
the calling rate is such that only 50 answering jacks are assigned 

to each operator. The number of sections needed would be 1 -^ 

ok) X o 

which is approximately 34. The number of multiple jacks would 

be, therefore, 5,000 X 34 = 170,000. If now these sections were 

designed for two operators' positions instead of three each, the total 

number of sections needed would be ^*/ vi = -50 and the total 

50 X 2 

number of subscriber multiple jacks would become 5,000 X 50 = 

250,000 or an increase of 80,000 jacks. Assuming the cost of a 

jack to be J0.25 the increase in cost due to this change would be 

80,000 X .25 = $20,000.00, which would be much in excess of 

the money saved from better operating. 

With the toll board the case is different. Here the multiple, 
counting the toll trunks and those to local exchanges seldom 
reaches 700 jacks, so that the extra cost of the jacks is not of 
so much importance. Again, since in the case of connections over 
toll trunks a rate is charged which is in proj)ortion to the length 
of the trunk used, and the length of time during which the 
conversation is carried on, the return to the company in money is 
higher per call, than in the case when the connection is handled 
exclusively over a local board. A toll connection requires more 
time to establish, for reasons that will be seen directly, than a 
local connection. The above two facts make it necessary to give 
the toll operators every advantage. ~ 

The trunks to local exchanges are of the same type as 
those in the local board, and are wired in the same general 
way. The toll board is situated in the same room, or at any 
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rate, in the same buildiug with one of the local switchboards. 
For example, the toll board for handling the toll lines to the 
suburbs of Philadelphia and sarronnding towns, is situated in 
the same building as the local exchange known as No. 2. The 
toll board for handlincr the toll trunks to the northern suburbs 
of New York, throughout the district known as the Bronx, and 
the outlying town::-, is situated in the same building as the local 
switchboard known as Melrose. The outgoing trunk multiple 
of the toll board is made up of an extension of the outgoing 
trunk multiple of the local board, and in addition, a set of 




Fig. 245. 

trunks to one of the incoming trunk positions of the local board 
in the building in which it is situated. Thus, at Melrose, the out- 
going trunk multiple in the local board is extended through the 
toll board, and in addition there is a set of trunks to the local 
board at Melrose. The toll board is thus equipped with trunks to 
each one of the local exchanges. These trunks are either circuit 
or ring-down as the case may be. 

In Fig. 245 is shown the wiring of a ring-down trunk, 
the jacks in the local board being shown tit a b c and </, and 
those in the toll board at a V c and (V. The lugs on the 
intermediate distributing board are shown at f and jT, and the 
re{)eating coil at e. In the toll board each multiple jack is 
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acGUiii{ianied with an aiituniatiu eigiml called a hri^ij vix/Ktl. 
This eigtial is of the magnetic type, to tlie arniatnre of which 
is attached a light alnniiiiiiin shutter which, wheo the coil is 
energized, is pulled over the face of the magnet so as to be in 
plain view of the o[)erator. "When a ping is inserted in a jack, 
either on the local or toll board, the relay </ is energized, and its 
armature drawn against the contact point. Current then flows 
from the battery //, through the coils of ihe busy visuals in series, 
energizing them and making the shuttt-ra show busy. By tliis 
iiieauB the toll operators are relievi-d of the nwessity of testing the 
trunks to find one that is not in use, which tends to save time. 
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In Fig. 211) is shown tiie wiring of a circnit trunk, the jacks 
in the local board being shown as before at « h r and </, and those 
in tlie toll board at c' )! <■ and (/'. The 30 ohm coil is shown at e. 
In this case, the mnltiple through the toll board consists merely 
of a duplicate of that through the local board. The wiring of a 
toll trunk is similar to that of a ring-down trnnk shown in Fig. 
245, with the exception that it does not apjwar in the local switch- 
board, and that there is an answering jack wired to it and placed 
on the toll board. It is shown in Fig. 247. Tlie repeating coil is 
removed and a drop y is wired across the trunk. Tlie multiple 
jacks are shown at a h o and d and the answering jack and lamp 
at e audy resjjectively. A relay /', having two windings i and i\ 
is fio wired that one of the windings is connected to the restoring 
coil of the drop, while the other winding is connected to the arma- 
ture. The opposite terminal of the lamp is wired to the contact 



254 



TELEPHONY 



point of the drop to which is also connected one terminal of the 
resistance coil <>. The opposite side of the busy visuals is wired 
to the contact point of the relay, and the armature is grounded. 
The action is as follows: The trunk being rung on from the 
distant end, and the armature falling, current flows through the 
lampy and the resistance <>, through the winding i' of the relay /*, 
energizing it and closing the circuit through the busy visuals. 
The trunk is thus shown busy the instant it is rung upon, pre- 
venting any opt*rator taking it up before the proper operator 
answers at the answering jack. 
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AVhon the plug is pushtni into the jack, current is sent 
lhnnu»h the rt^storinjj coil of the drop, and the coil * of the i^Iay. 
Then^fon\ althouirh the cinniit throuixh the coil i' is broken, that 
thnuigh the coil / keej>s it encrgizt\l so that the busy visual cireait 
remains closeil. Tlie n»sistancv **, which is 0<^ ohms, is shunted 
Hr\>nnd the lamp so that, should the latter Ivcome open, the busy 
visuals will U» enorgizt»il when the trunk is rung upon. 

In FiiT. 24n is shown the wiriuiT <^^f » ^"^^rJ circuit to connect 
tiHrether two toll trunks. It ditlers in no very essential feature^ 
from that of an onlinary briiiixinir lK>tird. The clearing out dn^ 
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y is not placed on the board in view of the operator, but a lamp </ 
actuated by its armature is placed in the keyboard and acts as the 
supervisory signal. The resistance h^ which is in series with the 
lamp, is 120 ohms, while that of ^*, in series with the restoring coil, 
is 190 ohms. The resistances of / and k are 200 ohms each. The 
wiring of the operator's transmitter circuits is identical with that 
already shown for a common battery office. 

In Fig. 249 is shown the circuit for connecting together a toll 
trunk and one to a local office. One half is the same as that shown 




Fig. 248. 

in Fig. 248, while the other half is that of local 8ub8cril)er's oper- 
ator's, cord circuit. Here the left-hand plug a is for the toll-trunk 
jack, while the right-hand plug b is for the trunk to the local 
switchboard. In this cord circuit a rej)eating coil is used, and the 
windings 1 and 2 are strapped together on the left-hand side of the 
cord, while the battery is connected between 3 and 4 for the right- 
hand side in the usual manner. A toll board position is usually 
equip{>ed with 12 cord circuits, and of these 4 are of the tyj)e 
shown in Fig. 248, and the remainder, of that shown in Fig. 249. 
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,1.- t'l \\.- lyj'i .-xv;... :._-■.-. :,:.■: .-;:■.■:;:> t.i the (.-hiff oiK'nUor'iS 
:ii-'i. 'li,.- l}i;-..!i-!i !-,:,!-.i- ;i:-,- w-A :« i-uiiij.k-Ii' cuiiiu-i'tiuns from 
I- ],uU,l hi aiiodi.'f. u!i..:i :L.- I::,.- tn tlit-si- two \nnins jmisscs 
loiijili thfodir,.. F<.r.-x;i!t:i.V. ifin-.iriti.vti.Jti b wam.-ii iM'twet-it 
■A<,„ i.i.<i I'!iila.i.-l],lji;i. tln-n- lN,i;,^r „o Jiivct trunks K-twwu tlie^t- 
., points, til.. .■..m,i-.-ti..ii w.iiM l,:ivv ti. t.e Limdleil tliivilgli N.-w 
■ i-k. Ii<,-tr>n wmilii .-ull Xi-w Vc.rk. and a^k for Pluia<k-Ij,hia. 
■w York woiiM 111,-,, mix. P!iil.M}.-l[,l,i!i. an.l connwt the two 



TELEPHONY 



257 



trunks tom^tlier. This would be dono at tlie throujxh board. The 
recordintr board is used for handlinij calls from local subscribers 
to Long Distance points. The 
through boards are equij)j)ed with a 
multiple of the toll lines, a multiple 
of the trunks to local otKces, and a 
multiple of the trunks to the chief 
operators board. 

The wiring of a toll line is 
shown in Viir, 250. The main rack 
is shown at x ;/, and in this connec- 
tion it should be said that the main 
rack of the Lontr Distance Com- 
pany is not equipped with protect- 
incr devices. The lines after enter- 
ing the office are equippt»d with the 
regular carbon sandwich protector 
for lightning, as shown at o and o'. 
The jack (f is in the chief operator's 
board, which contains a bridge on all 
hues entering the office. The jacks 
/>», (.\ d represent the multiple in the 
through boards, while at e is shown 
the answering jack. After passing 
the answering jack, the line runs 
through the contacts of the relay /*, 
which has a resistance of 00 ohms, 
and thence through the line coil of 
the drop //. One terminal of the 
coil of the relay is conne(?ted to the 
ring of the jacks and the other is 




wired to the restorincr coil of the 






drop. The lamp g is the answering 
lamp, and those marked y,/*',/'", and 
f" are the busy lamps. The oper- 
ation of tlie circuit is as follows: 

The trunk beincr runir open the 
drop is thrown and the lamp <j lighted. The oi»erator plugging 
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into the jack e to answer, restores the drop, putting out the light ^. 
At the same time the relay i is energized and the drop cut off. 
Also a path is made between the lower spring and inner contact of 
the relay i for the common return of the busy lamps y*, ftf\ 
andy^", lighting these lamps and giving the signal that the line is 
in use. It w ill be observed that the heat coils m and in' are placed 
in series with the drop to protect it against sneak currents. The 
busy lamp f" is placed above the answering jack to notify the 
operator at that point when the trunk is taken up at any other 
section of the board. 

In Fig. 2ol is shown the operator's cord circuit that is used 




Fig. 251. 

on the toll board and through board. The wiring of the trunks to 
local offices is shown in Fig. 252, and is of a design different from 
tliat used ])etween the exchanges of a local company. It is so 
wired that the long distance operator does all the ringing, and to 
this end a sj)ecial relay is placed at the incoming end, which is 
actuated by the alternating current from the ringing key of the 
long distance operator. At the long distance office the trunk is 
wired in the usual manner with the ring of the jacks connected to 
ground through a coil of IM) ohms resistance. At the incoming 
end is the regulation repeating coil (( wired up in the regulation 
manner, with the exception that the relay above mentioned is 
^ridged around the condenser, with another condenser in series. 
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The outside contacts of a second relay h are also bridged across the 
terminals of the first condenser, the upper swinging contact of this 
relay being wired through the coil of a third relay e to ground, 
and the lower swinging contact of this relay being connected to 
the contact point of the relay e. The two inner contacts of the 
relay h are strapped together. The armature of the relay a is con- 
nected to battery, and its contact point is wired through the coil of 
the relay d and the coil of the relay b to ground, through a resist- 
ance of 170 ohms. To this wire is also strapped the contact of the 
relay <', its armature being connected to that of the relay c. The auto- 




Fig. 252. 

raatic testing key is wired in the usual manner, with the exception 
that the lower inner contact is connected to battery, and the lower 
swinging contact is connected to the contact point of the relay t\ 

The working of this trunk is as follows: The trunk operator 
at the local office taking up the called subscriber's line, the auto- 
matic key is energized, and battery is thrown out on one side of 
the line to the long distance office, where the keyboard signal is 
energized. The supervisory lamp o is lighted. The Long Dis- 
tance operator upon ringing, energizes the relay a^ closing the 
armature against the contact, and throwing battery through the 
relay with the result that it in turn becomes energized, cutting in 
the ringing current and calling the subscriber. This current 
flows also through the relay h energizing it, breaking the contacts 
between the middle and outer, and making them between the 
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n::«i»ilf i:-«i :r.Lrr pjins?. w::':i :Lc ivsult that cnrrent is now st*ut 
fn.»m the '••"a'rr o>L:a«.*:5 on ::.rr a:; :•.»:!. at ic ttrsting kev thron^rh the 
•trap on :Lr rvliiv ** an-i :Ltf o.*:! «jf rvlav '- to OTound. The relay 
'■ y»ri>.»!t.rs r:.rri:-zr-»i ar.-i ::? ar:::i:r*re is cIt>5««J acrainst the contact 
f<i:r.:. :L:s rl'»s!LjC i:.^ rL".:.: c:rcu:: around the lamp through the 
!v>:?-iin»-f •-•••:! • ?:i;:.:;r.iT o^.: :L«r lamp, Wht-n thf calh-d sul»- 
?«;r::*rr rrii.vvrs ".L-:* r^>-!vrr from :he hi«;»k. the snpervisc»rv relay 
- if rr.rriT'^r-i, ar.'i .^"rreL: :: ..'xs throuirh the lamp, and the resist- 
an«.*r C'.'!'. . :*:.•- lirti.A'.'ire ar.-i o.'i.rao: joint of the supervisory 
rr'.ay. ar.-i ::-e o-:'. «.»: :':.r re'-iv '■ :o trround. The relay A acrain 

a « •IT' 

r*ri:-t: e:.rrv::zr^;. •-irrr:.: :? ^c•:.: ::.r'.':;t:h the relay *■ euercnzin cr it, 
ar*d e::rrr-:.: is 1^:^::. a'., ■•vr-i mi ±o'j^ thror^trh the lower contacts of 
the ai;:'.'!:.i::L* v-tir.t: krv. :•• ::.e pj::i: -•. where it s{ilits: one iK)r- 
ti«»n Jki5>::i;: ::.r 'V.v:":. ::.r c »:* . aiT^iin shuutincj ont the lamp. 
Tile ori.er {*t:: :. r'j.vi ::.:.•;■/::. :':ie ari:;a:i;re and contact of the 
s»ij«i.rv:i..ry r-l-*v. :';.e c-.-i'. *.' :Le relay '* to crrtmiid, thns keepiiiir 
'* arid the r-riiiv r:.r-_-!zc-:. No «i:^^v•a:lc-ot sij/nal is jtlaced at the 
loner J:?:i:.-.-e ei.i of :Lr :r;:.k, as the lont: distance operator is 
reiiuire'i :o ^v^i^rvi-c* :':.e •^.''^i.eetii'n. 

WLri. :!.- «,■:. •.>:*. ;:"..■: :^ o :: ilete*!, :l.e ojieniiur at the dis- 

:<, ::.:^s ::.r.''.v::.i^ tlie clean ncr- out 

:■ t'.--^ '-'.vir? :':.e !.■•.•!; :u\-t ion, an»l 

:•._.:. '.:_:'■ *^ v.:-. The rt-cordi:.:^' 

' . . -■ i. e\L:i :.:::-> to loiior aj^. 

i.v ::::;:'■; :«> the jToj»er tnll 

■ ' ' :• :•.: ::.'iy \- reaciu*«l. 

* . ■; '....::: .r- •«: the nutijfoinix 

;■ ■'- ■• :■: i;' :•.■::": i? the same as 

:.. :. - v\ •■ : •■ ■ :*.:i: !: ':.:»< only one ctird 

-. 1 : ::.- : ■;. <. ::■.::". :"Le :••''. ojierator takes 

K. !. :• . : :.. ^- ■ Tfrratir ]H.>:::Mn is e»juippe^l 

_: • ■ '.-r v\ :v k-^f- :•.► ::.e b.»oal offices. A 

• : :i . ' . is equipjvii with a 

'•:*«ier cin'uit from each 
A.. \:i..- .• : ...j: :.t»::^ :!ie liK^al excliantrt-< 
i • ■-:.'.: ' V :\.r w-x.-v'.viuii oj»erati»r, wlm 

:o une of the re^'ordiiio 
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operator in the exchange from whieli the call orijjinateil and 
orders np the callincr subscriWr's line, which is done in the 
remilar circuit trunk manner. The ticket is then sent from the 
recording operator to the toll line o|ierator, who proceeds to get 
the called sul^scriber at the toll point re<]uired. I'pon the toll 
line operator plugging into the trunk to the local exchange ujKm 
which the callincr subscril^er's line is l^eintr held, the rei'ordina 
opei'ator withdraws her jilutr and has nothing more to do with the 
connection. 

TELEPHONE OPERATING. 

Tlie work of establi^hing connec*tions in a telephone exchange 
is called ojyeratunj. The department that handles the operating is 
called the Traffic De]>^n'tm*nf. The force in a telephone exchange 
is made up as follows : E^ch exchange is in charge of a manager, 
whose business it is to see that the operating force properly attends 
to the work of handling connections, lie should have full authority 
over his force, being free to make whatever change he may deem 
to be necessary. In large exchanges his efforts are seconded by 
one or more assistant manaijers. These are usually men, althoucrh 
the position of assistant manager is sometimes lilled by a woman. 
The official who comes in the most direct contact with the operators 
is the chief operator. This position sliould always be tilled by a 
woman. The force of operators is assisttnl by one or more sujK»r- 
visors, whose duty it is to watch closely the manner iii which the 
operators directly under her charge attend to business, and to help 
them out of any difficulties into which they may from time to time 
fall. Each supervisor is assigned a certain number of sections to 
patrol, and she walks continually to and fro watching the work. 
She should watch the manner in which the operators answer the 
subscribers, insisting that it be done promptly, and that the sub- 
scribers be carefully listened to so that their wishes may be prop- 
erly recorded. The suj)ervisor should see that the subscriber 
always gets courteous treatment. Each 8Uj)ervisor is equipped with 
a telephone placed conveniently on the wall so that the operators 
may be readily able to communicate with her. It is part of her 
duty to give the operators all the assistance necessary in the 2)er- 
formance of their work. 
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Kext to tlie supervisor in authority comes the monitor. This 
official sits at a desk so as to be in constant communication with 
the switchhoard. She is required to take up all matters of com- 
j)laint by the subscribers, to furnish any information that may be 
required by the subscriber, and to complete connections that the 
operators have found impossil)le to complete. The number of 
monitors required varies with the size of the office, but is seldom 
over four, and usually two. 

Next hit^hest in authority is the chief operator, already re- 
ferred to, who is somewhat analogous in her relations to the oper- 
ating force as the first mate of a ship is to the sailors. She sits 
at a desk somewhat similar to that of the monitor, so as to be in 
constant touch with the operating force. Her duties are many and 
various. First of all, she is the person to whom the force report 
directly. She watches the work, and is the first to note any defects 
therein. She receives the reports from the supervisors and moni- 
tors and acts on them. She is directly responsible to the manager 
for the manner in which the traffic of the office is carried on. All 
calls for the numager are given to her, and it is her duty to deter- 
mine whether to handle them herself or turn them over to the 
manager for his action. 

The night force is presided over by a night manager who has 
the rank of chief operator. The night force is not so large as that 
emj)loyed in the day, and as a result no night supervisors are 
needed. Only one night monitor is required and no night chief 
o|)erator. The manager should see to it, first of all, that he pro- 
vides himself with the proper kind of a chief operator. This done, 
one half of the battle for good oj)e rating is won. lie should then 
supervise carefully the work of the chief operator, in selecting the 
proper operators, supervisors, and monitors. He should select such 
assistants as will best help him in his work. 

The hours of the operating force are divided as follows: Half 
of the day force reports at 7 A. M. and the other half at 8 A. M. 
The half that report at 7 A. M. are relieved at 5 P. M. The sec- 
ond half is split uj), the majority reporting at 8 A. M., but a small 
number re})orting at D A. M. and remaining till 7 P. M. The 
hours for rej)orting usually change every week so that those oi)er- 
ators who, during the first week, re2)ort at 7 A. M. will, during 
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the second week, report at 8 or 9 A. M. The new operators are 
formed into a relief squad which reports at 4 P. M. and remains 
till 9 P. M. As the operators in this squad show increased pro- 
ficiency they are promoted to the regular force. In some exchanges 
the night force consists of boys from 16 to 21 years of age. But 
it has been found after repeated trials that girls give better results 
than boys, as they are more tractable, so that they are being used 
more and more every year. The night force reports at 7 P. M., 
and remains till 7 A. M. 

These hours seem very long, and are in actual fact. But a 
great deal of time during the middle of the night is given to the 
operators to sleep so that the strain is not as great as would seem 
at first sight. The telephone companies select these long hours so 
that the girls will not be compelled to be on the street at any un- 
seasonable hour. 

The operators are divided into two groups. Those that an- 
swer the subscriber lines, called subscriber or ""A" operators, and 
those that handle the incoming trunks^ called the trunk or " B " 
operators. In oflices where there is situated a toll board, there 
exists a third group called the toll operators. The work per- 
formed by each of these groups differs in detail from that performed 
by the others. The subscriber operators have to deal with the 
public, and therefore must be well schooled in soothing ruftled 
temj)ers and the like. They must also be instructed in the proper 
method of answering questions. In answering calls a certain formula 
must be gone through with, which will be described directly. In 
the early days the operator used to answer the subscriber's call by 
saying "Hello". But within the past five or six years this custom 
has been discontinued, and the operators instructed to substitute the 
word ''Number'^, so that to-day, in all well regulated exchanges the 
operator answers the subscribers call by saying " Muml)er " with a 
rising inflection. The operator then gives the number required. 

There are two methods of operating, one used with the may- 
neto system^ and the other with the coimfion battery system. That 
used with the magneto system will be explained first. In explain- 
ing the various methods of operating, the multiple board only will 
l>e considered, since all methods applicable to this are also applica- 
ble to the standard or subdivided board. 
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cut in the operator's telephone, but tlie operator must be very 
careful not to have more than one listening key so adjusted at the 
same time, else the two cord circuits will be connected through her 
telej)hone and cross-talk will result. When the called party has 
answered the operator says: *' Are you 4930 ?", and upon receiving 
the affirmative answer says: "(ro ahead," and the two parties begin 
conversation. The operator should supervise the connection from 
time to time in order to see that the subscribers are able to con- 
v^erse properly, and also to determine whether or not they have 
finished. This latter point is made necessary by the possibility of 
the subscribers forgetting to ring off. This supervising consists 
merely of temporarily throwing the listening key on each cord 
circuit upon which there is a connection. If the operator in so 
supervising should happen to listen in on a connection over which 
there is no conversation she should ask: "Are you waiting?" and 
after a pause: ''Are you through?" If no response is obtained 
she should then take down the connection. 

It often happens that the operator has to answer several calls 
at once In doing so she should answer each calling subscriber in 
turn, before making any attempt to raise any of the subscribers 
called for. When the last subscriber has been answered, she should 
then start in and raise the subscribers called for in the order in 
which she has received the calls When the party called for does 
not answer the telephone, the call is reported as a " Don't An- 
swer", and given to the monitor for further trial. If the called 
subscriber's line is out of order so that he cannot be raised, the 
fact is 80 reported to the calling sul)scriber. All cases of " Don't 
Answer" or ''Out of Order" are reported as lost calls, and the 
ticket marked with a cross. One of the greatest problems in oper- 
ating is to reduce the percentage of lost calls. Should the operator, 
through confusion or any other cause, plug into the wrong jack 
and call the wrong party, she should allow the ])lug to remain in 
the jack until the called subscriber answers, and then say : '• Ex- 
cuse that, please", after w^iich she is free to withdraw the j)lugand 
call on the pro])er line. 

The next case to be considered is that in which the called-for 
subscriber is in another exchange reached over a ring-down trunk. 
The subscrilx»r of)erator, having answered the call, tests with the 
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tiji of ihtr <A!liric/ jfiucr of a different pair of conis. nsnallv the one 
HfljH':*'iil to Hi'Ai u.-^l for anawerincr, the riiiijs of all the jacks on 
tlj#' trunks to the re«|uired exchancfe, until one is found that is uoi 
orr<:ijpiHl. The callinc/ ]»\uir is inserted into this jack and tbe 
trunk riincr on. When the ojierator at the distant exchancre an- 
Hwer.-. the tirrt ojierator aaks for the required number, and if the 
line is not in use the connection is plucroed up and the called snb 
M-riUr ruun up by the ojierator at the distant exchancre. When 
iIm- calh'd .siihrscril>er answers, the orierator at the orio-inatincr office 
ahkri : '*WIiat nninlK*r"; and upjn learning that it is the one re- 
(jiiin-d, quickly Hiil^stitutes for the calling plug then in the trunk 
jack, that one forming the mate to the answering plucr in the call- 
intr KuhricrilHT's jack, thus giving him a connection through. This 
mrtlKxi of using the cords is called : '* Using split cords", and is 
donr to prevent the calling subscriljer from hearing the connection 
put til rough to tlu^ distant office, which would tend to confuse him. 
Thin I'onnection is supervised by the operator at the originatiuir 
otlicM' in tlu^ manner already described. When the conversation is 
roiiiplrtiMl and the calling subscriber rings off, the originatincr oper- 
Mlnr 'HM's ill mihI savs »* Are you waitincj?" "Are vou throuirh^" 
mihI ii|)()ii licjiriiiij; no response*, pulls out the answering plu^r from 
ilir Mil ;\\«'i-iii|_^ j'^*''^ •*"•' rings on the trunk. When the operator at 
ilir <li !;iiit oilier jiiiswci's she is told to clear the connection, which 

;lir nrniiin!l\ does. 

( >ne j'leMt (lefeet in the ri no;-(lown trunk system, when a laro-e 

iminln 1 nl" trunks are i(Mjuire(l between two offices, lies in the fact 

ih.ii ii \\ ollen \erv (lillieult for an o[)erator to secure an unoccupieil 

1 1 link S;i\, fni* e\ain|)K', there are ten trunks to the required ex- 

. h. III. 'e. Mini tliat sh(» siMTis testing at the lirst one and finds it 
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on r.\ the tiiiH* :he has reaehed the eighth jack the first one may 
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ho I MM »uot M.'Min. the tii^t trunk may have been taken up before 

ho M.'on tot-; tin* jaek.Si>ihai when she does it for a second time, 

ho ro' on find 1 it he.:;\. 1; has i»een known that oj)enitors have 

to t.d o\or a '.tnp y^\ jaek^ i:'. ilii- wav ihnv or four times before 

\\\ idlo \ \ w nk 1- !o;:".d 



\2^0 



TELEPHONY 267 



The third case is that in which the called-for subscriber must 
be reached over ring-down trunks through an intermediate ex- 
change. Call the exchange in which the call originates A; the 
intt?rniediate exchange, B; and the exchange in which the required 
subscriber's line terminates, C. From A there are direct ring- 
down trunks to B, and also from B to C. But there are no direct 
trunks to C from A. The subscriber operator at A, having an- 
swered the call and ascertained the required number, plugs in on 
a trunk to B, after having tested as already described. A split 
cord is used. When the operator at B answers, the one at A says: 
''Give me a wire to C". The operator at B thereupon tests over 
the trunks to C in the manner already described and finding one 
unoccupied, plugs in and rings. Split cords are not used. Wlien 
the operator at C answers she finds herself in direct communica- 
tion with A and receives her request for the number required 
The other details of the connection are identical with those already 
described. When the conversation is completed, the operator at A 
rings on the trunk, and when the operator at B answers, directs 
her to clear the connection. This operator thereupon rings on the 
trunk to C and directs that operator to clear the connection. This 
is called the tandem trunk method and is used very much in toll 
business to small towns and villages. It is also used a great deal 
by the Long Distance Company. 

The fourth case is that which is universally used in all large 
cities, on account of the rapidity with which business can be 
handled by it. It covers the condition in which the called-for 
sul acriber is in a distant exchange reached over a circuit trunk. 
The suDscriDer operator as usual, having answered the calling sub- 
scriber and learned his wish, throws the listening key so as to cut 
herself off from his line and goes in on the order key to the re- 
quired exchange and asks for the number required. Suppose that 
the subscriber at No 750 Courtland wishes to talk to the subscriber 
at Ko 5700 88th St , the subscriber operator at Courtland St. hav- 
ing answered and learned the recpiest, would go in on the order 
circuit to 38th St and say '' 5700 for Courtland St." The trunk 
operator at the latter exchange would then assio;n the trunk by 
calling back over the circuit " Number 5,-' or *'Take it on Num- 
ber 5," Number 5 being the trunk that she is going to u^e. After 
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assicrning the trunk, the trunk o[>erator touches the ring of the 
multiple jack on line No 57CU to see whether or not it is in ust». 
Assuming that the line is not busy, she pushes the plug into the 
jack In the meantiuie the A oj)erator at Courtland St ]»Iug3 into 
the multiple jack on trunk No. 5, using a split conl. When the 
incoming trunk cords are e(|uij)j>ed with ringing keys, the trunk 
o[)erator rings the called sul»scriher. But when these are wanting 
the A operator dot^s the ringing. In either c:ise wIkmi the called 
suhscriher answers, the A operator assures herself that he is the 
right party by asking his numl>er and then, quickly replacing the 
j>lug in the trunk jack with the mate to the one in the answering 
jack, completes the connectio!!. The conntH^tion is cleared in the 
manner already descril>ed. 

The A oj)erator in ordering up the connection should be very 
careful and listen on the circuit l>efore passing the call, to ascertain 
whether or not any other call is being passed at the same time. If 
this be neglected, she might interrupt some other c^dl on the same 
circuit, rnder these conditions the result would simply l>e con- 
fusion to the trunk ()j)erator, and both calls would have to be 
rejieated. 

Where th(^ trunks are not e(juip]KHl with disconnect signals, 
the same precaution should bt.^ obsiM'ved by the A operator in order- 
ini/' down connections, and for the sanu* reason. Where the die- 
connect signals an^ in ust\ the circuit is usckI only for ordering up. 

The lifth case is that in wliicli tlu* called subscril)er is at a 
toll jK)int and must be n*a<*]i(M| ovrr the toll board. There are two 
conditions: First, where the call oriirinates at a local office for 
the toll point; and, second, wluM'e the call originates at the toll 
|K)int for the subscriber at the local exchange. The method of 
oiKMatinf undt^r the first condition is identical, whether the callincf 
subscriber is in the same exrhantre ms that in which the toll board 
is placiMJ, or whetln-r h(^ is in a dill'ert'iit c*.\change. It is as follows: 

Tlie Hul)scril)cr liaviii:^ jri\en the call to tlie A operator who answers 
him, slie jroes in cm an order circuit to a special operator called the liecorti- 
iiKj (ffH'nitor, and j)laced in the exciiani^e with tlie toll board. The duty 
oftliisoperator is to receive the calls loi loll points and to make out tickets 
'J'liecall liaviii;; heen passed, the A operat«»r withdraw s t!ie answering? phiir 
from the answerinjjj jack and attends to other '■usines.; The recording 
opeial(»r, in the meanwiiile, lia\ inir entered oi tlu* t\ \.^\ tl:? niiniherofihe 
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calling subscriber's line and the number of the called subscriber's line at the 
toll point, passes the ticket to the toll operator who handles the toll trunks 
to this point This operator goes in on the order circuit to the exchange 
at which the call onginated, and orders up the calling subscriber's line, 
which is done in the manner already described for circuit trunk operation. 
The toll operator plugs the annweriug cord into the trunk Jack. While 
the connection over the circuit trunk is being made, the toll operator plugs 
the calling cord into the jack of the first unoccupied toll line, and ringing, 
calls the operator at the toll point. When this operator answers, the called 
subscriber's numi>er is given and the connection put throup^h in the usual 
way The toll operator thus handles the call; throughout, noting the time 
during which conversation is held. 

When the conversation is completed, the toll operator withdraws the 
plug from the local trunk jack, thus giving the disconnect signal to the 
trunk operator at that point, if the trunks are so ecjuipped. If not she 
uiust go back on the circuit and order the connection cleared. Bhe then 
rings on the toll line and when the operator at the distant point answers, 
orders the connection cleared. 

From the foregoing it will be evident that from the time that 
the A operator, after having transmitted the call over the record- 
ing circuit, withdraws her answering plug from the answering 
jack, up to the time that the trunk operator takes up the calling 
subscriber's line, this line having no plugs in either the multiple 
or answering jacks, would not show busy to any other operator 
who tested it. If, therefore, during this period, a call comes in 
for the calling subscriber's line, it will be taken up by either an A 
or B operator as the case may be. So that when the trunk oper- 
ator receives the call from the toll operator to put the connection 
up, she will report the line busy As a result of all this, the 
calling subscriber, instead of getting hold of the toll point required, 
gets the subscriber who is calling for him This period, during 
which the calling subscriber's line is unprotected, is called the 
unguarded interval. 

With the introduction of the common battery system, a device 
was introduced with a view towards protecting the calling sub- 
scriber's line during the unguarded interval. Though common 
battery operating has not yet been touched on, this device will be 
explained here for convenience. 

It consists of a specially designed cord circuit, the plug of 
which is introduced by the A operator, as she transmits the call 
over the recording circuit, into the answering jack, and is not 
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removed until the trunk o|)erator takes up the connection. This 
circuit is called the Tone tent circuity and is wired as shown in 
Fig. 254. The tip and ring of the ping are connected to battery 
through the retardation coil, the ring strand having a relay, of the 
type used on the A operator's cord circuit, in series. The shank 
of the ping is connected to battery through the secondary winding 
of a transformer, a 14()-ohm resistance coil, the 15-ohm coil of adif- 
ferentially wound relay, and the coil of a second supervisory relay. 



O 



Q 



I — vwvww- 



-WSA^AA/Vi 



WSAVSA'^ VSA/VNAA* 




cE 



mm 



The primary winding of the transformer is connected throngli a 
150-ohm resistance to the terminals of an alternating machine a. 
When the A o|>erator has received the call from the calling 
subscriber, and just before withdrawing the answering ping, she 
directs him to hang up the receiver, so that when the tone test ping 
is inserted, the receiver is on the hook. No current, therefore^ 
flows through the retardation coil Current flows, however, through 
the 140-ohm resistance, the 15-ohra winding of the diflPerential 
relay, and the coil of the 6-ohm supervisory relay, to ground 
through the cut-oflf relay on the calling subscriber's line. The 6- 
ohm relay liecomes energized, and a j)ath is formed through its 
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armature and contact for the current to pass through the 130-ohni 
coil of the differential relay to ground. The two coils of this relay 
being in opposition, it is not energizeil. Tlie direct current from 
the battery, passing through the transformer becomes alternating, 
and therefore, when the tone test pfng is inserted in a jack, this 
alternating current being thrown on the ring, any operator, touch- 
ing the ring to get the busy test, will, instead of getting the usual 
click, hear the humming noise produced thereby. 

All operators are instructed to regard this '* tone test" in the 
same light as the busy test, with the exception of the trunk oper- 
ator who receives the call from the toll board. She recognizes in 
it the fact that the line is being held up for the toll call and intro- 
duces the trunk plug into the jack. When the trunk operator 
thus takes up the line, the current from the shank of the trunk 
j)lug flows along the wire attached to the rings of the jacks, till it 
reaches the one in which is inserted the tone test plug. From 
here it flows down the shank wire, through the 6-ohm relay to the 
common terminal of the two windings on the differential relay, 
thence through the 130-ohm coil to ground through the armature 
and contact of the 6-ohm relay. 

Since the current flowing through the 15-ohm coil must still 
flow through the 130-ohm coil to ground, it remains the same in 
amount as before. The current passing through the 6-ohm relay 
is greater in amount and, therefore, the magnetizing eflFect of the 
130-ohm coil becomes greater than that of the 15-ohm, hence the 
relay becomes energized. When this happens, the armature, touch- 
ing the contact, forms a circuit through the lamp marked ''Disc. 
Sig.", which lights. Upon seeing this the A operator reihoves the 
tone test plug. Should the calling subscriber require attention 
during the unguarded interval, he has only to remove the receiver 
from the hook, and the 120-ohm supervisory relay is energized, 
closing the circuit through the lamp marked '^ Sub. Sig." Upon see- 
ing this lamp light, the A operator removes the tone test plug, and 
again answers the subscriber with the ordinary answering plug. 

With the introduction of the common battery system and the 
resultant system of automatic signals, the methods of operating 
were changed in some cases. In a general way, the operators were 
relieved largely of the necessity of 8U[)ervising calls, and the work 
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was in many instances considerably expedited. The principal 
change has taken place in the work of the A operator. This should 
be divided into three classes: 

First, calls in which the calling and called* subscriber's lines are in 
the same exchange. Second, fhose in which the called subscriber's line 
is in a different exchange of the magneto type, reached by circuit trunks. 
Third, those in which the called subscriber's line is in a different ex- 
change of the common battery type reached over circuit trunks. 

The ring-down trunk operation and the toll operation are the 
same as already described. 

Taking the first case, the operator answers the calling sub- 
scriber with the answering cord, which action automatically puts 
out the line lamp as has been shown previously. Upon the sub- 
scriber giving his call, the ringing plug on the same cord circuit is 
inserted in the called subscriber's multiple jack, after it has been 
tested for busy, and the subscriber rung up. When the plug is 
inserted into this jack, the receiver being on the hook, the supervis- 
ory lamp lights. When the called subscriber answers, this lamp is 
shunted out. During the conversation the two supervisory lamps 
are out. When the subscribers hang the receivers up after com- 
pleting their conversation the supervisory lamps light, each one 
independent of the other. Should one of the subscribers wish to 
call the attention of the operator so that another call might be put 
through, it is done by merely moving the hook up and down, when 
the supervisory lamp on the cord connected with his line is flashed, 
thus calling the attention of the o{)erator. When the two super- 
visory lam{)8 light at the completion of the conversation, the oper- 
ator clears the connection, without listening in to inquire whether 
the parties are through. 

The second case is that in which the called subscriber's line 
is in a different exchange of the magneto type, reached over circuit 
trunks. The method of putting up the connection is identical 
with that already descril)ed except that split cords are not used. 
When the conversation is completed and the subscribers hang up, 
the supervisory lamp on the answering cord lights, but the super- 
visory signal on the calling cord remains shunted out on account 
of the fact that the trunk is closed through the repeating coil at 
the incoming end. When the first suj)ervisory lamp lights the A 
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operator takes down the connection, thus giving the disconnect 
signal to the trunk operator who clears also. 

The third case is that in which the distant office is of the com- 
mon battery type and reached by circuit trunks. Here the con- 
nection is put up in the manner already described. At the com- 
pletion of the conversation, when the subscribers hang up, both 
supervisory lamps light just as if both subscribers' lines terminated 
in the same office. When the A operator clears out, the discon- 
nect signal is given on the trunk and the trunk operator clears also. 
Before closing the subject of operating in a local exchange a word 
should be said relative to the duties of the trunk operator. 

In one re8j)ect the duties of a trunk operator are easier to per- 
form, than those of the subscriber operator; in another respect 
they are the opposite. The trunk operator does not deal with the 
subscriber, and is therefore free from the nervous strain consequent 
upon this class of work. On the other hand, in.exchanges in which 
the percentage of trunked calls is above forty, the trunk operator 
is required to work more rapidly than the subscriber operator. 
Again, the trunk oj)erators have to receive the calls from the sub- 
scriber operators who are always in a hurry to complete the con- 
nection. As a result they must be very careful to receive the call 
correctly, which is made all the more difficult from the fact that 
the numbers are called off very fast, and different calls come in, in 
rapid succession. 

It often happens that two or more A operators go on the same 
order circuit at the same instant to order up different connections, 
with the result that the trunk operator is able to hear only a con- 
fused jumble. She must remain cool under these trying conditions, 
and be ready to put up the first intelligible order that comes. 
Wrong connections are sometimes put up, either because the A 
operator has made a mistake or because the trunk operator has 
he^rd wrongly. The result is that the A operator, after finding 
the mistake, has to go back on the circuit a second time, usually 
in a not very pleasant frame of mind, and order up the proj)er 
connection. 

The frame of mind al)ove referred to is usually venteil at the 
trunk operator, but she must remain a perfect automaton, as far 
88 temper is concerned, and attend strictly to business. lastly, 
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where the percentage of trunked calls is above 50, the trunk oper- 
ators must work faster than the A operators. 

Lx>ng^-Distance Operating^ partakes of some special features 
which will be mentioned directly. Calls handled by the Long 
Distance operating department are divided into three classes. 
First, calls from local subscril)er8 to long-distance points. Sec- 
ond, calls from long-distance j)oints to local subscribers. Tliird, 
through calls. Calls from local subscribers to toll points are, as 
far as the subscriber operators are concerned, handled in the same 
manner as those to local toll |)oints. The A operator, after having 
answered the subscriber, passes the call over a special order circuit 
to the receiving operator in the long-distance exchange, plugs the 
tone test into the subscriber's multiple and withdraws the answer- 
ing plug. The receiving operator, whose duties are the same as 
those of the recording operator at a local toll board, makes out a 
ticket with the number of the calling subscriber's line, his name 
and the name of the party called for, together with his telephone 
number and the town in which it is situated. This ticket is passing! 
to one of the recording operators, who, upon its receipt, goes in on 
an order circuit to the proper local exchange trunk operator and 
orders up the calling subscriber's number. The connection is put 
up in the manner already described for local toll connections, the 
recording operator plugging the trunk jack assigned by the local 
trunk operator. 

She then records the nuiiil>er of the trunk used on the ticket, 
which is passed to the toll board o])erator who handles the lines, to 
the long-distance point recjuired. The toll ()j)erator rings on one 
of tlie unused toll lines to the jjoint re(juired, and raises the long- 
distance operator at that ])<)int. This latter oj>era tor proceeds to 
get the called sul)scril)ers in the manner that will be described for 
incoming calls from toll points. 

In the meantime, the calling sn]>scrii)er's line, together with 
the trunk to the local exchanges, is held by the recording operator. 

AVheu tlie called subscril)er has l>een reached by the toll line 
o|)erator she plugs the answering ])lng into the local trunk whose 
number has been written on tlic ticket, and rings the calling sub- 
scriber, who in the meantime has Iwmg up his telejjhone. Upon 
ih:' subscriber again answering lie finds himself in communication 
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with the point required. When the toll line operator plugs into 
the trunk which is being held by the recording operator the visual 
on the latter's cord circuit is shown, whereupon the recording oper- 
ator withdraws the plug from the trunk jack. When the conver- 
sation is completed, the visual is thrown on the toll line operator's 
cord by the calling subscriber hanging up. The toll line operator 
then releases the local trunk, and ringing on the toll line, directs 
the operator at the distant end to clear the connection. 

Calls from toll points to local subscribers are handled as fol- 
lows: It must be remembered that the call is handled in the origi- 
nating exchange in the manner already described. When the toll 
trunk is rung upon at the distant exchange, the toll operator an- 
swers, and upon learning the number required, goes on the order 
circuit to the proper exchange and orders the trunk oj)erator to 
put up the connection, which is done in the regular way. The toll 
oj)erator plugs into the trunk assigned and the connection is com- 
plete. The connection is cleared in the manner already described. 

Through calls are handled in the following manner: Suppose 
that a call from a toll point M comes in for a toll point N, which 
has to pass through the exchange in (juestion. The operator at M 
rings on a toll trunk and is answered by the proper operator. 
After learning the details of the c^ill, a ticket is made out with the 
called and calling points, and passed to the through board operator. 
The ticket also contains the number of the toll trunk upon which 
the call has come in. The through board operator selects an idle 
trunk to N and rings. When the operator at N answers, the de- 
tails of the call are given. The through board operator then plugs 
the answering plug into the assigned toll trunk from M, com- 
pleting the circuit. When the trunk to M is taken up at the 
through board, the visual is thrown on the cord circuit of the toll 
operator holding it, who thereupon clears out. 

TELEPHONE SYSTEMS. 

Under this heading is includc^l all methods of wiring tele- 
phone circuits which xx)ssess sxx'cial features, distinct from the 
t^eiieral features of tel(.q)hone wiring. Some of these systems are 
simple, and some of them are very eompl(»x. Some conc^»rn only 
the wiring of the subscriber's telephone, and some of them concern 
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the wiring of the whole exchange. Of the vast number of tele- 
phone systems that have been introduced from time to time, only 
those will be considered that possess distinctive features and that 
have proven themselves by exijerience to possess decided advantages. 

The origin of the telephone system seems to have been the 
desire to connect two or more subscribers on the same line. The 
first step in this din*ction was taken when the bridging bell was 
invented, as has already lx»en explained. The system which pro- 
vides for the wiring of two or more telephones to the same line is 
called a Party Line Synii/n: and a line which carries two or more 
telephom?s is called a Party Lnie. 

The simplest party line system that can be devised is that in 
which the telephones are bridged across the same line. In Teleph- 
ony, Part I, it was shown what was the limit to the number of 
bells that could lx» successfully bridged to the same line, looked at 
from the 8tandix)int of thi? electrician. It will now be necessary 
to inquire what are the limits, if any, other than electrical, govern- 
ing the number of teh»phones that can be successfully used on a 
party line. In this discussion the i>arty line circuits in Telephony, 
Part I, should be referred to. It will be evident that when any one 
subscriber calls the oix*rator, or wh(*n the oxxirator calls any one sub- 
scriber, all the remaining subscriber telex^hono bells ring. Therefore, 
a system of signaling has to be used, in order that when the oper- 
ator rings, each subscriber will know whcMi his attention is required. 

The form of signal used is a given number of rings of the bc^l. 
For instance, the* first subscriber's signal will be tw^o rings of the 
bell; the second, three rings; the third, four rings; the fourth, five 
rings, etc. Somtitimes the duration of the ''ring" is varied. For 
instance, the signal for the first subscrib(T may be two short rings; 
thci second, one long and one short ring; the third, two long rings; 
the fourth, on(} short and oiu^ long ring. As the number of sub- 
scriber's telephonies on the linci increases, the number of signals 
must increase, until a point is n»ached at which the signals have 
either become* so complex that the operator has difficulty in remem- 
bering them, or else they take so long to ring that a serious loss of 
tiuH* results, or the* subscriber has difficulty in recognizing them. 

KxiH'riiMici! has shown that in large cities, and generally where 
the culling rate is above threi* p(T day, four telephones is all that 



290 



TELEPHONY 277 



can be bridged on one line, consistent with good results. It should 
be remembered that during the time that any one subscriber is 
using the instrument, the other subscribers cannot get service. So 
that the greater the number of subscribers on a line, the larger will 
be the interval during which any one of them will be denied the use 
of the line. 

With this system the different stations are denoted by letters 
of the alphabet. The first station is denoted by A, and the second 
by B. With the object of selecting a letter which has a different 
vowel somid from either A or B, the third station is denoted by F, 
and the fourth by I. 

The usual code of signals made use of is as follows: 

When the operator winhes to call A, two rings are used. Three 
rings call B; four rings, F; and live rings I. When any one of the sub- 
scribers wishes to call the operator, one ring is used. 

The great disadvantage of this system lies in the fact that, 
when any one subscriber is wanttnl, the bells are rung at all the 
remaining stations, and also is this the cas(% when any one sub- 
scriber wishes to call the oxx^rator. This condition, while never 
pleasant, becomes a source of serious annoyance when one of the 
stations requires all-night service, and the others are situated in 
private houses. 

Recognizing this point, telephone engineers set to work some 
time ago to devise some system whereby each station could be rung 
independently of the others, and the oixjrator could be called with- 
out disturbing the remaining subscribers. It was further n,'cogniz(»d 
cis an additional disadvant^ige that when the various stations were 
merely bridged across the line, each subscribiT was fret^ to listen to 
the conversations of the others by nu»rely lifting the receiver from 
the hook and holding it to the ear. Of the many systems developtnl 
to overcome the first mentioned disadvantage, the most elaborate, 
and at the same time the only one that overcame the second defect 
was that known as the B. W, C. system. 

It is so named trom the fact that these three letters represent 
the first letters of the names of the three inventors, Messrs. Barrett, 
Whittemore and Craft, at that time in the engineering department 
of the American Telephone and Teli»graph Co. The principle uix)n 
which it worked consisted of the fact that the telephone bells were 
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so wired that each one would respond only when the ringing cur- 
rent was passed through the coils in the i^roper direction. The 
systcrui accommodated six telephones on a line. In the center of 
the door of the bell box was a circular opening about 1 inch in 
diameter. When any one of the telephones were in use a white 
disc with the words: "Line in Use" was automatically displayed in 
front of this o^xniing on the remaining five instruments. When 
the rec(MV(»r was hung up, the signal on the others disapix^artnl 
This was called the lockout signal, and when it was displayed the 
hook switch was automatically held down, so that the conversation 
could not be listx^ued to.* 

The wiring of the bells is shown in the following figures: In 
Fig. 255 is shown the outline of the system, illustrating the i)rin- 
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Fifr. 255. 

ciplcs upon which the opTation is based. Here a and h represent 
two sidi's of tlic liii(\ wliicli are known as tlie a and h side; c and 
f/ n'pn'scut the coils of two iK)larized r(4ays, the middle ix)int being 
grounded. At c is tlic battery which may In* connected to the linc^ 
in any one of tlic followinic wavs: 

The ])()siti\o \)o\v to the (( side of the line, and the negative pole to 
ground, eausinix the current to How through tlie coil c to ground. The 
negative pole to n and the ]iositi\e ])ole to ground, cau.shig the current to 
How in the same circuit, hut in the opposite direction The positive pole 
of the l»altery to the h side of the line and the negative to ground, 
causing the current to flow o\ er the/> side of the line and through the coil 
(/ to ground. The ncL^atixe j>ole of the hattery to the /> side of the line 
aiul the ]»ositive to ground, eausing the current to How over the same cir- 
cuit, hut in the o]>po>ile dirertion. Tlie positive i)ole of the battery to the 
(t side of the line and the negative to the/>side, causing the current to flow 
througli the two coils in series. The negative ])ole to the a side of the line 
and the j)ositi\e to the h side, causing the current to How over the same 
eircuit, hut in the opposite direction. 

J\\ proix'ily connect ini^ tlu' two reluy coils togethtT and also 
to line, the bell may be made to resiK)nd to any one of these co:n- 
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binations. There are other combinations that could be made, but 
these six are all that are used in connection with this system. 

The battery used for ringing consists of three banks of 80 
volts of Lechinche battery each; the first one having the n(»gative 
pole groundetl, the second having the ix)sitive pole grounded, and 
the third connected metallic. The keyboartl circuit is so wired 
that any one of these banks can be cut in at will. 

The wiring of the bells will lu^xt be considered. From the 
nature of the combinations, the same 1x41 wiring will answer for 
stations 1 and 3. The same wiring for stations 2 and 4 and the 
same for stations 5 and 6. So that only 3 different forms of bell 
wiring are required for six stations. 

Figure 256 shows the wiring for stations 1 and 3. The bt^ll 
box is equipped with three binding ix>sts; the two outside ones 
being for the line and the center one for the ground connection. 
From the right-hand binding ix)st the line jiasses down through 
the upper hinge of the door, to and through the right-hand 200- 
ohm coil, to the upix»r magnet coil; thence through the upper 500- 
ohm coil to the left-hand upjx^r contact at the heel of the switch. 

The receiver being on the hook, contact is made at this ix>int 
with the switch, from which the current passes through the 200- 
ohm coil to the middle binding ix)st, and thence to ground. The 
armature of the magnet and the contact ix)int, when touching, form 
a short circuit aromid the upxx?r magnet coil. When no current is 
following, the ix>lariztKl relay attracts the armature away from the 
contact, so that this shunt circuit is oixhi. 

When the operator rings No. 1, the current is sent out over the 
a side of the line to the right-hand binding iK>st, and tlu^nc^j to 
ground through the circuit already traced. The action of the cur- 
rent passing through the upjxT magnet coil, re^x'ls the armature 
till it touches the contact, closing the short circuit and drawing all 
the current from the* coil. The eh^ctroniagnetic field is therefore 
reduced to zero, and the annatun*, acting under the influc^nce of 
the permanent field is again attracted away from the contact jxjint. 
Directly this happens, current again Hows through the up^x^T coil, 
and the same process is re^R'ated. In short, the annature acts like 
a buzzor and rings the bell. 
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When current is passed through from the left-hand binding 
post, it follows the internal wiring through the lower coil to 
ground. The action of this coil is to keep the armature away 
from the contact, thus preventing the bell from ringing. This 
would be the condition when No. 3 was rung. When No. 2 is rung, 
the current is passed through the upper coil in the opposite direc- 
tion, with the result that the armature is kept away from the con- 
tact and the bell does not ring. The same conditions prevail 
when No. 4, No. 5 and No. 6 are rung, so that it will be seen that the 
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bc'll at No. 1 n'siK)ii(ls only to its pro|K'r current. By conm^cting 
the a side of the line to the left-hand binding ix)st, the bell re- 
8ix)nds to tlie combination for No. 8. 

The wiring of the bell used at stations 2 and 4 is identical with 
that of No. 1 and No. 3, with the exception that the magnet coils 
are wound in the? opix)site direction. When the bell is used for 
station No. 2, the a side of the line is connected to the right-hand 
binding post, thus causing the current to flow through the upper coil, 
which makes the bell ring in the manner already described. Thus 
the b(»ll is irresi)onsiv(,^ totlu* ringing current for any other station. 

In Fig. 2^)1 is shown the wiring of the bell used for stations 5 
and i). It will be seen that the wiring is different from that already 
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described. It will be lemembered that the ringing circnit for these 
two stations is metaUic. From the right-hand binding post, the 
circnit goes to the upper hinge on the door, and fn>m thence through 
the upper 90(Xohm coiL the right-hand dOO-ohm coil to the right- 
hand magnet winding, through which it passes to the hook switch. 
Passing through the switch, it nins through the left-hand contact 
to the left-hand magnet coil, the left-hand 200-ohm coil, the lower 
900-ohm coil, the lower hinge and out at the left-hand binding post. 
Current passing through the magnet coil in this direction, rings 
the bell in the manner already described. When the current is 
passed through in the opposite direction, the magnet armature is 
attracted and the bell does not ring. 
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Fig. 257. 

When this bell is used for station No. f), thoa side of the lino is 
connected to the left-hand binding post. It will now be necessary to 
describe the manner in which the subscrilx^rs call the central office. 

In Fig. 258 is shown the wiring of a line entering t he exchangi\ 
A 4- volt battery is connected to the line drop, which isditforentially 
woimd. The current passes out through one winding of the drop, 
through the bell circuit at the instruments, and returning on tlu* 
opposite side, passes through the other winding. The two wind- 
ings of the drop being oi^posed to each other, the niagn(»tic effect 
of one is neutralized by that of the other, so that the drop is not 
thrown. When the receiver is removed from the* hook, however, 
at any one station, the hook switch in moving ui^ward makes rub- 
bing contact with two springs. Directly this hapix'ns, the curn»nt 
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from the 4-volt battery ixisses through one side of the drop and to 
ground, through the middle binding post, the circuit being 
made through these contacts. When the hook switch reaches its 
highest ix>int, this contact is again broken, and remains so during 
the conversation. The current passing in this way throngh only 
one winding of the drop, the differential effect is lost, and the shut- 
ter thrown. The drop is self- restoring. 

In Fig. 259 is shown the wiring of the operator cord circuit, 
where the a and h sidt»s of the line are shown at a and h. 

The B. W. C. System has some advantages and many disadvan- 
tages, some of which were supix)seil to Ix? especially strong features 
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by th(^ invL'iilors. Ainon^ tlic ndvantagcs may be mentioned — First: 
Select ire /'///y/'/zy. Tliis feature has been sho\\ni to be the strong- 
est one that the system possesses, and it pavinl the way for the 
invtnitions in tliis direetion. Second: in small towns and villages, 
it gives a eheap and comparatively good service. 

Among its disadvantages may be mentioned — First: The 
ai^paratus both of tlie teh^phonc and switchboard are very compli- 
cated, and it is imiK)ssible to obtain ins^K^ctors with sufficient eilii- 
cation to pro^KTly maintain citlier for tlie jxiy that the companies 
are willing to giv(\ Second: The keyboard wiring is so compli 
cated that only one set of k(\vs is ])rovided for each o^^erator, 
with which shc^ is compelh'd to ring on all cords. This necessarily 
tends to slow up the service. Tliird: The complicated keyboanl 
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wiring makes it impossible to provide incoming tnnik sections, us 
with only one set of keys to a trunk oiierjitor, tins would have to 
be used on all the trunk eortis in this x>^ition, which would be 
proh ibitive. 

The switeb boards are therefore made up into standard sections 
of from 80 to 100 lines each, and tht^ system of operating is iden- 
tical with that employed in connection with the standard switch- 
board. This feature limits the capacity of the office to (K)0 lines or (» 
sections. As a result in large cities the system is notat nil applicable. 

Fourth: The "Lock-out" device which was supposed to be the 
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Fig. 259. 

strong point, proved to be directly the opposite, and for the follow- 
ing reason : 

When the look-out signal in de^lroj'e^), the DUbHcriber, should he 
desire to use the telephone, has nu ineaua of llsletiiui; on the Hue to 
assure himself that the line is actually iti use. He miiHtwait until the 
Hi^nal disappears. His natural suspicion of corporotiuus leads him to 
believe that the company has devised some suheme to prevent him using 
the line aceortllug to the contract, and he therefore writes a letter of 
complaiut to that etTect. 

So Berions a source of complaint has this become in some cases, 
that the lock-out device had been abandoned, and the subscribers 
allowed to listen in at will. Experience has shown therefore that 
while the selective feature of the system is a success, the other 
features are not, and as a whole the system does not seem to have 
a very bright future. 

The selective systems to be described directly have retained 
the selective feature, but discarded the others. A v<!ry simple and 
efficient selective system is oru; which provides for two parties on 
a line, and is wired up as shown in Fig. 2(>0. Each cord circuit 
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both for the A op*irrators and B operators is equipped with a sj^ecial 
rin^iii^ k»*y which throws the frt-e side of a gronndwl alternating 
machin*:- on either si«W of the line. This system was introduced 
cont»^mpor<iri»<visly with the common battery system. The diagram 
shows th».' rv-j:nlcit:«>!i «v.nl circuit |tlut!gtil into a jack on a subscrib- 
er liii*-. I' J which is '.vir.tl two stations: for simplicity the line and 
cut-4''rf T'Aty< iiT>' !-"t ^liovrn, f.s th»y i-lay no jxirt in the operation 
of th»' rvsir-m. Th'- rliiiririLi: k* y will K' si»ii to lj<* made up of two 
halvi-s, ♦-a<h o:;*- a *\'ii li«at€- of t!*- otlit- r. Tho ringing current 
gt'iicrator »/. o:;'- sI-S *A wi.irh i - l::'»u::<1m1. is wiri'<l to the outside 
contacts of V"»lh halvt-s. TL*- iiin» r jxiints of the right-hand half 
are strapix-d to the opi^ositt- nii«l«il«Tonta<ts of the left-hand half. 
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If the riglit-haiid half of tin* key is usrd. the free side of the gen- 
erator is thrown out on tlh' riuLCof tlu' I'Iuli:. wliih^ if thi? left-hand 
half of tlir key is iist-d. tlic fr«'c half is tlirown out on the h.^ft tip 
of tlu' plu^. 1^1 ^><>th cases the o[)i)Ositt' side of the line is grounded. 

At A and B nvo shown two tch'pliones, the former having the 
condenser wired to the ring contact line of the jack, and the latter 
having the condensiT wirtil to the tip contact of the jack. 

SupiK)se that the right-hand lialf of thi^ ringing key is depressed. 
The free side of thi; gencn'ator being thrown on the ring of the plug, 
the current tlierefrom X)asses ont on that sid(^ of the line, and ui)on 
reaching tlu' telei)hone at A. flows through the condenser and 1x^11 
coils to ground at (/ ringing the bell. Passing on to B the current 
finds an oix'n circuit at the liook switch. If the left-hand half of 
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the key is used, the current flows out on the tip side of the line, 
and upon reaching B, flows through the condenser and bell coils to 
ground at ^, thus ringing the bell. This current upon reaching A, 
finds an open circuit at the hook switch. The bells are thus rung 
selectively. 

A very good form of party selective system has been devised, 
which is more complicated than that already described, and oper- 
ates upon a somewhat different ijrinciple. That this principle may 
be understood properly, it will be necessary to return for a moment 
to the consideration of the nature? of an alternating current. 

An alternating current is usually defined as one that rises from 
zero to. a maximum in one direction, then dies away gnwlually to 
zero; it then increases gradually in the opposite direction to a 
maximum, after which it again gradually dies away till zero is 
reached. That is, if one of the terminals of an alternating current 
generator is regarded at the instant of the beginning of the cycle, 
the current will begin to flow w^ith a gradually increasing density 
from the machine out on the line. After the instant of maximum 
flow has been passed, the current density gradually diminishes, 
until it dies out, but still continues to flow in the same direction. 
When the instant that the current density reaches zero has lx?en 
passed, it starts to flow in the opposite direction, that is, from the 
line towards the machine, until its density has again reached a 
maximum, after which it dies away until it again reaches zero. 

This fluctuation from zero through a maximum back to zero 
again, in one direction, and from zero through a maximum to zero 
again, in the other direction, constitutes one wave or cycle. 

This wave may be regarded as made up of two impulses: The 
one flowing from the generator terminal to the line and the other 
flowing from the line towards the generator. The first is called 
the positive impulse; the second, the negative impulse. 

The operation of this four- party selective system consists in 
providing a bell that will Ix? responsive to one of these impulses 
and irresponsive to the others. In looking over the situation it 
will be seen that four combinations can be made. 

First: Positive impulse on the ring of the plug with the tip grounded. 
Second. Negative impulse on the ring of the plug with the tip grounded 
Third: Positive impulse on the tip of the plug with the ring grounded. 
Fourth: Negative impulse on the tip of the plug with the ring grounded. 
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In order th&t these oombmstioQS can be effected, the gener- 
atcH' most hf fo constrDci'^ ihat one brosh collects poBitire 
im poises on] r. nod the oiber nc^tire impulses only. Thiscsn 
readily be acccMnpUshed with the usual form ot m^neto generator 
by making one half of each collector ring oat ot some non-con- 
ducting material soch as hanl mbbc-r as shown in Fig. SRI. where 
M represents the armature coil. Beesrding the side h, assume 
that tbe direction of the magnetic Snx and the directifHi ot rota- 
tion caose the cnrrent to flow in the direction of the arrow; then 
the direction of the flow in the side {•' will be as indicated by tbe 
other arrow. Then in the positicm shown, the left-band brush will 
be positive and the right-band one nt-gative. If the collector 
rings were made up wholly of oomlncting materiaL then when tbe 



amiatnre rotates thmngh W thi 




right-hand brush will beocwne 
positive and the left-hand nt^- 
jitiv,-. Bnt if one half ot each 
ring is made of hard rubber as 
shown by the shaded portions 
on the diagram, then when the 
annatnre coil has revolved t&r 
enough to change the directioo 
of cum-nt flow in tbe side b, the 
bnish will be resting npon the 
iiisiil.-itfd portion and no cnr- 
ri'iit will flow through it. Sim- 
ilarly, when tbedirection of cnr- 
ix'iit flow in the side b' changes, 
the left-hand brush will be Testing on the iusnlating portitHi. Asa 
result the left-hand brush will receive positive impulses only, while 
the right-hand brush will r^ci'ive nothing bnt negative impulses. 
The ringing key 054x1 in connection with this system is so arranged 
that the positive or m-gative terminal is connected to either side 
of the liiw while tln' opposite side is gronnded. The wiring of the 
operator's con 1 circuit is shown in Fig. 2i>2. 

AUTOriATIC SYSTEMS. 

I'nder this headinir if in(-liide<] all the systems whereby the 
snliserilier is enabled m provide the ]>rwj»er connectioDS vithont 
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the assistance of an 0|)erator. Systems of this type liave been 
largely used for some years for what is known as house servire^ 
which means interconnection between otKces in the same building 
or the like. Automatic systems have also been devisinl for general 
use. In this connection the exchange is e(juipj)ed with the auto- 
matic switching device, and no operators are required. These 
latter systems do not give much promise, as the cost of the instal- 
lation is away beyond that of the ordinary type of switch- 
boards; while the cost of maintenance is also excessive. For ex- 
ample, the cost of a 50-line 
switchboard installed with 
auxiliary apparatus is about 
S50().()(), while the cost of an 
automatic switchboard of 
the same capacity is about 
$8, ()()(). 00. The annual 
charcre against an exchange, 
including operator's salaries, 
heat, supplies, maintenance, 
but not rent, is about 
81,000.00. The automatic 
system has not been in use 
long enough to enable one 
to get a very correct idea 
of the cost of maintenance. 
But experience, shows tluit 
it is fully equal to the above- 
mentioned figure, and may, 
in some cases, even exceed 
that. For house service, 
however, the automatic system is very successful and is used ex- 
tensively. 

Among the best adapted systems of this class is the one which 
is shown in Fig. 208. Here are shown four instruments connected 
together. The wiring of the telephone is the same as that of those 
designed for general use. Each instrument is equipped with a 
series bell and magneto generator. One side of all the instruments 
is wired to a common return wire, in addition to which there 
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cxtrri'ir r-rtTCT-n «*i.*h oiit an-i ::i WIow*, the same nnmlier of 
wir*-. a- thrrrv- a«v ::-5:r*i::-r:-:r. i:.«l trach ontr temiioates in the 
or. la*.-: «.»f ti.r s'ji::cL j.*.:Ai>-»i *: ra».-h station. These contacts are 
arr:i:*t:»-»i oii !:.*- c:r»::':;::.f-r»r:.*.f of h circlf. over which the switch 
IfVt-r j<iJ^*-T. Tii^ Lr^l "f ihr- -wi:ch It-wr is permanently con- 
rit:c:»-«i to thr oj.jrfjsirtr tr-r!i.:L.aI of tht- insiniment. These contact 
i-»::*:= art- h:i:f/:ir-rtr«i to i-^^rrtr^^^jiA with tht* number of the station 
viith M!i:«:h th^-y '.•onri«-»-t. WhrL the it-It-phont^ is not in use, the 
sui:i-h It^v^r -hor.M In- itrh on thr contact whose numlier corre- 
s|ioij«U with that of th- i::?:ruiiir-rjt. 

I^-frrriijtr to ilir- rljrr.iv. Suppose that station No. 1 wishes 
to call statioii Ni». *J. Tht- .-witch li-wr at station No. 1 is moved 
from coiit;ict No. 1 to contact No 2 and the generator turned. 
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Tin- riinniK^ cnriHMit tl()W< from tlu^ i^tMUM-jitor at No. 1, aloncr the 
coimiioii n-turii to station No. 1!. tlit-iu-t* tlirouah the generator and 
l»rll to the opposite side of the lever. Passiiio through the switch 
Irvcr which n-sts on contract point No. :2, the current flows along 
wii'e No. 2 to the No. 2 contact at switch No. 1, and through the 
switch K'vcr thron^rh tliehcU hack to tlu' generator. Transmission 
is cMiricd on over tlie same circuit. If the party at No. 1 desires to 
communicate with station No. :>. the switch lever is moved to con- 
tact No. ^^ and the party rung u|». The circuit is made up of the 
common return wire to station No. :^, thence through the instru- 
ment to the switch h»ver. Passing tlirough the switch lever to 
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contact No. 3, it follows the line to contact No. 3 at station No. 
1, from which it passes throngh the switch lever to the opposite 
side of the telephone. By the same method each one of the other 
stations can call any of the others. In the figure No. 1 is in posi- 
tion to call up No. 4. 

From the nature of the wiring, it will be seen that when j^ 
telephone is not in use, the switch lever must be always left on the 
contact whose number corresponds to that of the station. That is, 
at station No. 1, the switch lever must be left on contact No. 1, 
while the instrument is not in use; at station No. 2 the switch 
lever must be left on No. 2, etc. 

Consider what would happen if this were not done. Suppose 
that through carelessness or other cause, the switch at No. 1 were 
left on contact No. 4, and that station No. 4 wished to call up No. 
1. The party at No. 4 would move the switch lever to contact 
No. 1 and ring, but under these conditions the circuit would be 
open at the contact at station No. 1, so that this station could not 
bt^ called. It is, however, possible to arrange the wiring so that a 
station will get a ring even if his switch is not on the home station 
point, although it must be placed there before conversation can be 
carried on. 

One defect of this system lies in the contact buttons of the 
switches. Being exposed to the air, they are apt to become cov- 
ered with dust, and thereby the electrical contact is made very 
poor, in fact, it sometimes hap|)en8 that the dirt accumulation is so 
thick as to prevent contact from being made at all. To overcome 
this defect, the switches are sometimes replaced by jacks and plugs. 
Under these conditions each station is equipped with a small box 
containing the same number of jacks as there are stations. Each 
jack is numbered to correspond to the number of the station to 
which it is, wired. To call, the plug is inserted into the proper 
jack and the generator turned. When the telephone is not in use 
the plug is left in the jack corresponding to the number of the 
station. This jack is called the home jack. 

Various devices have been brought forward from time to time 
with the object of doing away with the necessity of returning the 
switch to the home contact, or placing the plug in the home jack. 
The most successful of these is the one put forth by the Iloltzer- 
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its top, and lifts it clear off the ratchet teeth. The ratchet wlieel 
thus being set free is rotated under the action of the coiled spring 
towards the home position. Since the dog e engages the notch in 
the pawl only niomentarily, as the heel of the switch passes upward, 
it would slip back and engage the ratchet teeth l>efore the wheel 
had returned to the home position, were not some means taken to 
prevent it. To this end the pawl is provided with a pin ^, which 
as it passes upward engages with a second dog /, preventing it 
from again returning to its downward position. This second dog 
is tripped by the ratchet wheel just as it reaches the home position, 
allowing the paw^l to fall at the proper time. 

MAINTENANCE. 

General Remarks. The general plan of organization followed 
by the majority of the telephone companies at the present time, 
calls for the following departments: 

The Eiujinetr'uuj Departments whose business it is to design 
the plant to be used and to supervise its construction. The Con- 
Htnictioih Dt'partiaeitt^ which has to do with the building of the 
plant. The Traffi^j Departments which has to do with the opera- 
tion of the plant. The Maniten<uicv Department^ which has to do 
with keeping the plant in condition necessary for its proper 
operation. The ^^fpplu Depart ment^ which is concerned with the 
feeding of the plant. 

There are two other departments which are found to be nec- 
essary in all large companies, and they are, the Contract Dejxtrt' 
nient and the liUjItt of Wat/ Department, The functions of these 
two latter are indicated by their titles. It is not the purpose of this 
article to discuss the subject of organization, but to prefix a treatise 
on the subject of maintenance, by a few general remarks on the 
duties performed by each department of a well organized company. 

THE MAINTENANCE DEPARTMENT. 

The Maintenance Department has been defined as that 
which has to do with the keeping of the plant in such shape that it 
can be properly operated. It will now be necessary to learn the 
method of organization and the nature of the work to be per- 
formed, in order that the plant may be so maintained. 
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The subject of maintenance is best studied under the follow- 
ing heads: E^:harujK MnniUntin'>\ Lht^ Jfaintenanct\ and Sta- 
Hon Matntenanee, The first, as its name indicates, treats of the 
maintenance of the central office apparatus; the second treats of 
the maintenance of the line; while the third relates to the main- 
tenance of the subscriber telephone. 

It should be meutioued here in pa^fsingr that line maintenance does 
not include the maintenance of cables: this w<»rk being done by the con- 
struction department for reasons which it is not necessary to state. 

The subject of central office maintenance will be taken up 
first, and in this conniK^tion it will l)e learned how and where the 
trouble is first reported; to whom the trouble re{K>rts are sent; how 
they are recorded and the trouble tested, and what steps are neces- 
sary to be taken to clear the trouble, whether it be in the exchange, 
on the line or at the station. 

METHOD OF REPORTINQ TROUBLE. 

FrQui the fact that the traffic department operates the plant, 
it would be the first to note any defect in its condition, and so all 
trouble reports oricrinate in this de[)artnient. Besides the cases of 
actual trouble, there is a second class of irrt»rrularity called '* Don't 
Answer'', which, as the name indicates, refers to all cases in which 
the operator is unable to make tlu^ called subscriber answer the 
telephone. These "Don't Answers", as they are callKl, are re- 
ferred to the monitor in the exchange into which the called sub- 
scriber's telephone line runs. If after trial this official is unable 
to obtain a response from the called [)arty. the case is referreii, 
together with the actual trouble, to the maintenance department. 
A rtKford of all troul)le re|K)rted is kept by the traffic department. 

ORGANIZATION OF MAINTENANCE DEPARTMENT. 

The metluxl of organization of the maintenance de|mrtment 
will depend largely on the nature of the territory to U* covered 
and the volume of business to be handled. A typic^d system of 
organization will be given, however, which will cover all the 
essiMitial features. 

The department is presided over by a superintendent, who in 
addition to the necessary clerical force, should have the following 
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lieutenants; A district inspector, a foreman of instrument set- 
ters, and a foreman of inspectors. Reporting to the district in- 
spector, there should be in each exchange a wire chief, whose duty 
it is to test all trouble reported, to direct the force of men who 
clear the trouble, and to see that the central office is kept in proper 
condition. The size and nature of the force reporting to the wire 
chief will depend on the size of the exchange, and the extent of 
territory covered by the district. In the large exchange, it will be 
found necessary to provide an assistant wire chief in addition to 
the inside trouble men. Where there is an assistant wire chief, 
he is the man who does the actual testing; the wire chief having 
enough to occupy his time in the general supervision and care 
of the office. 

The duty of the inside trouble men is to clear whatever trouble 
occurs to the switchboard and central office apparatus. The requi- 
site number of these men will depend altogether on the size of the 
office and the volume of business handled. For the purpose of 
clearing line trouble a force of outside trouble uien is needed. 
These men must be linenuMi, and capable of handling all trouble 
that occurs to the 0|)en-wire lines. 

The instrument or subscriber station trouble is handled by a 
force of inspectors who are familiar with the method of operation 
of the various telephone instruments, and are therefore able to 
keep them in proper working order. 

The usual arrangement is to have the outside trouble nuMi, 
together with the central office force, report to the wire chief, whiK^ 
the inspectors report to their foreman This plan is considered to 
be the best practice, but is not always followed. 

The Foreman of Inspectors has under him his forci* of in- 
spectors, who keep constant watch over the subscriber stations. 
The usual method is to divide the territory into ** Routes", assign- 
ing an inspt*ctor to each route. The inspector visits constantly 
the telephones on his route, taking each in its turn, repairing what- 
ever defects he notices, and keeping them in first-class general 
working order. He is also called upon from time to time, as 
occasion arises, to clear whatever trouble may occur to the telephoiu^s 
under his jurisdiction. To t\ii8 end he is required to keep in con- 
stant touch with the wire chief of the exchange, within the district 
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H-wiii route li«B. In cases where IjUL-laiicbe balterids are 

(d, he is required to tarry in his satchel, in addition to the 

icessiiry tools, a supply of aalaininoniacand battery zincs. Where 

ler liatt^-ries are used, he carries in conuectiou therewith only 

amall bottle of mtriiury. 

The work of renewing the batteries is here delegated to a aep- 
rate force of " battery men," who are provided with wagons, car- 
ying battery add, zincs, carbons, and jars, and who are assigned to 
routes similar to but larger tJian those assigned to tlie insjiectors. 
lese men are also required to clear special battery troubles, aud 
ire therefore required to report regulai'ly to some one delegated to 
receive reports of this nature. Where the battery route lies wholly 
within one exchange district, the battery man reports to the wire 
chief. Where the route lies within tie districts of more than one 
exchange, the wire chiefs of these exchanges report their batlt-ry 
troubles to an assistant to the foreman of insjjectors, and the bat- 
fry men are required to keep in touch with this official. Uaaally 
ae battery men ciinie under the jurisdiction of the foreman of 
inspectors Whore the work is very heavy, however, a sjxirial 
foreman is assigned to look after this work. Wliere the common 
battery system is used, the battery renewal work is eliminated. 
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MAINTENANCE.— (Continued.) 

The Foreman of Instrument Setters lias under liis direction 
the force of men who equip the subscriber stations with the neces- 
sary telephones. Their work consists, in addition to placing new 
telepliones, of renewing and replacing working telephones, upon 
the subscribers changing their addresses. Upon the completion of 
snch work they are required to call tbe wire chief of the district 
in which this work is done, in order to keej) him posted and assist 
him in making whatever tests lie deems necessary. The organiza- 
tion of the maintenance department having thus been treated in 
outline, it will now l)e necessary to take up each sub-department 
in detail, and follow closely the work j)erformed. It will be 
assumed that the student is familiar with the nature of a modern 
telephone plant, both in regard to circuits and apparatus used. 
Wherever it becomes necessary to refer to circuits or apparatus de- 
signed for maintenance purposes, these will be given in fullest detail. 

The District inspector. This official is the one to whom the 
wire chiefs report. He should be a thorough maintenance man, 
and is usually graduated from the position of wire chief. lie is 
responsible for the condition of the exchanges and the lines. He 
receives monthly reports from each wire chit^f, which show the 
number of troubles reported; the number of such cases in which 
actnal trouble was found upon testing; the number of such cases 
which were found to be without actual troul)le upon testing; the 
number of " Don't Answers " reported, and the number of these 
reports that proved upon test to be cases of actual trouble. A 
report is also sent in from each exchange showing the number of 
troubles cleared by each trouble man, and the averajre time occu- 
pied in so doing. 
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Tliese reports form a basis for a monthly report which the 
DlMtrlct I}iHj}e(t(tr is required to forward to the Svperintend • 
ant. The reports above referred to, are useful not only in de- 
termining the character of the employes' work, but also in deter- 
miiiincr which j)ortion of the circuit or apparatus is most apt to 
get into trouble. From these reports also, the requisite informa- 
tion is obtained for determining the size of force necessary for 
the propter maintenance of the plant. It is in the analysis of 
these rej)orts that the experience of the district inspector becomes 
useful, in rendering him able to compare the actual conditions 
with those which should obtain in an ideal plant. In addition to 
the handling of reports, the district in8|7ector is called upon to 
transmit all necessary orders to the wire chiefs, and to see that 
they are properly carried out. The duty of ordering supplies, 
and extra apparatus for maintenance purposes also devolves upon 
him, and he is the sole judge of the amount of such material nec- 
essary to be kept on hand 

iThe Wire Chief. The duties of the district inspector having 
been described, it now becomes necessary to take up those of the 
man who has in hand the actual maintenance of the plant, the 
WlfY Chii'f, lie is the officer on the firing line as it were, and he 
is directly res|)onsible for the condition of the district. Every- 
thing depends on the wire chief. If this official is of the right 
caliln'r, he will setv to it that he has the right sort of assistance, 
and that his force, both within the exchange and without, attend 
[)ro[)erly to their duties, under his direction. He should be a man 
who is not only thoroughly familiar with the details of the plant, 
Imth within and without the exchange, but also with the habits of 
the men of the class whom he has to direct. He must be able to do 
all the necessary testing with the utmost dispatch, and to properly 
dirt^ct the men in clearing trouble. An exchange maintenanoe 
foive with a [H)or wire chief is like a ship without a rudder. 

The following routine business j>asses through the wire 

chiers hands : 

Testing and olearin>r all cases of trouble within the exchange dis- 
trict, liivinv: the iHUistruetion K^n^s anti the instrument setteiB, O.K. 
re|H>rt8 when their work is properly <li>ne. Receiving the reports of the 
iU8)>eotor8 and battery men. Supervising the renewal of Hues that have 
lieeu diseontinuett. 
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At this point it will be well to follow the course of some of 
the orders which reach the wire chief for final action. The order 
for a new line will be taken as an example. 

The new-line orders are made out in the General Superh)- 
teinhiifft office and are then sent to the construction department for 
the proj)er assif/nment of conductors. The conductor assignment 
having In^n placed upon the order, it is then sent to the mainten- 
ance department, after the requisite information has been taken off 
to enable the construction gang to build the line. Upon its receipt 
at the maintenance-department office a duplicate is made out for the 
foreman of instrument setters, the original being sent to the wire 
chief, within whose district the new line is to lie. Upon receipt 
of this order the wire chief lias the cross connection properly run on 
tlie main distributing frame, and sends the order to the exchange 
manager for his information, and for the purpose of enabling liim 
to enter upon the order the answering jack assignment. The order 
is then returned to the wire chief, who has the proper cross con- 
nection made on the intermediate distributing frame, and where 
the magneto system is used, the line drop is placed with the new 
line number and whatever symbol is used to denote the particular 
class of service. Where the common battery system is used, in 
addition to running the cross-connection at the intermediate jack, 
the proper number plate must be placed over the answering jack, 
and a lamp cap, marked to denote the particular class of service, 
placed over the line lamp. 

In the meantime, when the construction gang w^hich has been 
busy building the line, finishes its work, the wire chief is called 
and a thorough test made to determine whether or not the proper 
conductors have be^n used, and of proper continuity and insulation 
resistance. The construction foreman is then given an O.K., and 
this is recorded on the order, together with the time of day and the 
name of the foreman. The line is now ready for the instrument 
setter, and when he finishes his work he calls the wire chief and 
the line is given a complete test. 

Nature of Tests and Testing Apparatus. The nature of the 
tests made, and the nature of the testing apparatus used in the 
roatine work of central office maintenance, will now be described. 
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Ijeaving ont of consideration for the present the subscriber 
station, thf troubled to l>e clcarvd bv the maintenance force are 
classititJ uudfr the fullowiutj heads: 

1. C*n>s«ies iu which one ur Ixith sides of two metallic circuits come 
into electrical cuutact. t*o that ctmvervatiou ou one can be heard ou tiie 
other. 

2. 0(»eus, in which one or both sides of a circuit become electrically 
ditscoutiuuous. 

:^. ^^hort circuits, in which one ^itle of a circuit comes in contact with 
the other s^ide. therel>y cutting out or isolating the tenuiual apparatus. 

4. Gn>und!*, in which one or bi»th sides* of a circuit form electrical 
contact with the earth, rendering the line mt>reor less noisy, and the con- 
\ersation iudtsitinct. 

The intntduction of the common battery system, has introduced a 
fifth classof tn>ublecalleil **low insulation", which refers to the condition 
where the insulation of the line has t»ecoiue so low that, while it does not 
interfere with c^iuversation. it prevents the pn>|>er working of the line 
and su|)ervisor>* signals. 

With the niacrneto system, the followincr conditions obtain 
on the snbseriWr — sending, ring-down, and common trunks. A 
metallic circuit closed at the distant end through the l>ell at the 
sul)scri]>er telephone, or drop iu the case of a trunk, and at the ex- 
clianpe end. elose<l throutxh a drop in the first and last named cir- 
cuits, or staiuliiii^ ojkmi tlirouirh the multiple in the case of a 
scinliii<: riiiir-dowii trunk. All circuit trunks, whether incomino- 
or outfoimr. arc closed tbroujj^h repeatini^ coils at both exchamres, 
SO that under normal conditions all circuits show clostnl towards 
the fcjreifn end, and all circuits except sendintj circuit trunks and 

sendino; rino-.down trunks, show open towards the home exchano-e, 

I t^ 

if the te^t is made inside of the repeating coil. With the common 
hattery system, on the other hand, the subscriber lines test open 
towards the telej)hone, or distant end, and oj)en towards the ex- 
chantr** when the cut-oiT relay is enero-izecl. The outtrointr rincr. 

f • ' C^ O O 

down trunks show closed as before, as do the outtToino- circuit 
trunks to mairneto otHces. The outo-oinir trunks to relay offices, on 
the other hand, show oj)en under normal conditions, owintr to the 
presence of the condenser cut into the rej)eating coil at the distant 
end. All circuits excer)t the incominfj rinjr-down trunks, if there 
1)0 any, show closed towards the home exchanw, if the test is made 
inside of the rejjcatintr coil. 
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The tests made by the wire chief are l)y no means as elaborate 
as those used by the cable maintenance department in locating 
faults. They are such as can be made very rapidly, and yet are suf- 
ficiently accurate to enable the wire chief to determine where to 
look for the trouble. Before going into the details it will be neces- 
sary to consider the general plan followed in locating trouble; aft(*r 
which the detail tests, with the apparatus used for both the mag- 
neto and common battery system, will be followed out. 

When a trouble is reported to the wire chief, his first duty is 
to determine whether it lies within the exchange or without. Any 
trouble which is located on the nuiin distributing frame, or in the 
office wiring between this point and the last section of switchboard, 
is said to l>e an inside trouble, lint if it is located in the wiring 
anywhere between the main frame and the subscriber station, it 
is said to l)e outside trouble. Some troubles are of such a nature 
that their location can be determined without any special test, 
while others necessitate a succession of tests before the requisite 
knowledge is determined. A trouble being reported, the line in 
question is first taken up at the main frame and a test made 
between this point and the switchboard. If this portion of the 
line is found to be in good working order, a test is then made 
between the main rack and the subscriber station, and the trouble 
will be found to be located in this portion of the wiring. The 
portion of the line in which the trouble is located, must next be 
determined, and the method of so doing will be descri])ed later. 
Should the trouble be located in the exchange wiring, the line is 
again tested l>etween the main and intermediate frames. If this 
j)ortion proves to be in proper condition, it is tested between the 
intermediate frame and the first section of 8witch])oard, then 
f>etween the first and last sections of switchboard, the process ]>eing 
rej)eated until the defective portion has been found. 

The apparatus used for testing in connection with the com- 
mon batter}^ system differs materially from that used with the mag- 
neto system, and the nature of the tests used diifers also, on account 
of the difference in the natures of the circuits used in the two sys- 
terns. With tlu^ magneto system all circuits, with the exception 
of the incoming end of circuit trunks, are normally closed. With 
the common battery system on the other hand, all circuits test 
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norinallY ojhmi. Ajrain, the presiMiee of current on the line continu- 
ally, in the case of the coninion battery system, gives an additional 
means of testing, which is not present in tlie magneto system. 

In connection with the magneto system, the circnit sliown in 
Fig. 2i)0 is the one made nse of by the wire chief. It consists of 
the following: A ping ff is wire<l to a ringing key ^, the gener- 
ator l)eing shown at r. The listening key is seen at //, the wires 
leading to the wire chief's telephone l>eing shown at /'. At < is 
seen a l)attery of 3 Fnller cells, which is wired to a telegraph relay 
J\ so that when the plug ff is inserted into a closeil line, current 
flows through the relay, energizing it and drawing the armature / 
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up ajiainst llhM'onlart point //, closino: tlu* auxiliary circuit contain- 
\]\ir tlif ballt-ry and tin* tt'lt'<ira])li ^niindtM' (/. The sounder is used 
to inttMisifv tlir noise made 1)V tlie closintj; of the relay, thus givinjr 
tlu^ wire cliief an oral test. At / is sliown another plug wireil ton 
reversing key /// wliieli is e-roinnled at //, so that this crround can 
be thrown on tMtlier the tip or lino-, as desired. This circtiit is ust^ 
in testino" crosses, as will l»e explained later. 

Tins circuit is placed on the wire chief's desk, which is wired 
like the operator's keyboard. A M'cond class of circuits must now 
be i)rovided for usi' in enablino; the wire chief to get access to the 
lint* to be tested. These latter circuits are called ••the wire chiefs 
trunks". The followin;.^ trunks are usually provided: One or 
iiion* to the tirst section of switchboard : oiie or iiioiv to the last 
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station: ont- or iiioiv to tlit- iija^n tii^triitniiiijj fraint*. ami oiit* to 
each ODf of the iiie«»iiiixiiT trniik [■•*itiiiii>. Tlie wirv chifPs desk 
is lastly ei]uip[ied with lint-s to tht- switchUianl for usi* in onlinary 
conversation. 

In Fig. 2W is shown thr wirintr uf a line to lirst and last 
sections of switchlioard. It consists of a ct»ni and piui^ ♦', |ihut*il 
on the switchl»oard and wire^l to a jack '* plart^l on tin* win* chiefs 
desk, there lH*iiitf no drojis plait-il at t* ithrr end. 



a — 



In Fiji. 2*57 is shown the wirinjx of a line lo the trnnk jH>si- 
lions. It eoiitists of a jack */ jilaceil in tlie niulliple. and wii*e<l to 
a jack // placid at the wire diief's desk. 
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In Fig. 2<)S is shown the wiring of a line to the main distrib- 

ntintr lioard. It is rsitlier more complicated than any of the otlu»rs, 
?^ I • 

and is arrancred to cnt off one part of the line while the other jmrt 
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Fig. 268. 

is being testtnl. Two sjiecial jacks </ and //' are placed on the wire 
chief's desk. Their sleeves c and r' are not connected. The si)ring 
5 of (I, is wireii through the contact points to the spring 7 of (f'\ 
and the spring of (/ is similarly wired to the spring S of (/', At 
(/ and (/ are shown two hard rnbber plugs with one face bevelled. 
The face of each of these plugs is e(]uipj)ed with a (lernuin silver 
clip If and //, while the two bevelled faces an» e(juij)|K'd with two 
German silver clips c and r. Following out the circuits, it will 
be seen that the sj)ring 5 is wiretl to /»; the spring (J to //; tlu^ 
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'J .: . : \ i.:*- -:. . '.: •- ^' ■ •! -:r::.^> Tiir li'-:i: ruil- firr 
:^ ■■-, *', f. >>■.■■ .: ;. v.- -;■■■■- 1 :i:..i :j. ^:..i 'Ju:,.! 4: -.vliilt- t}jr cj 

•:i«- ; :!:.:j-. ;»:.•; *:.■• j .j ■' !- i!;^-!V-; i*-i\\>^*ii 1 iiinl i^, an 
[.,■._'''■ •«■•■••■»■:; 'J :i:.«i r \V!j,-i, i:, jHi-:t:«iii tin- sjiririir 1 n 
'•i,;.':ii'* v.:*!! •:.•■ •■.:[.'. .'i:.'i *1jm -j.ri.'iL/ :-■{ inakrs coiitaft wit 
'•.i|» /'. 1 :.•:.:•_'•'» ^'.•• • I* ;,».'■ j■■llu^ thf r!ij. /.' makes I'nijlact 
*:..• r^>'.'.:.'j I. ;i:.'J t-:,. -^.y.i.'j '1 w ::h tin- rjiji .'. rmltT \.hr<^ 
'i;*io:.-, *li'- .::.•• '-'ir!.:;..^ ::. f:'«i:ii nntriili- juirr.SM^ from the si»ri 
•i» Tjii- f i|, A. Mni.'-f ri> rl,i- i;ti-k r-]iriiii: •"». '^'nl thruutrh tlie 
':i''*- to i!n' i;i'"k .-|ifi!iU" "i . I li»'ij«*t' Ti» tin- clij) /• aiifl ihf lifa 
■jifj.u I !o till- -'.\ :Ti-}irMi;i!ii. Ki-tiiriiiiii/ to ihe lirat coil snri 
i» |.;i--i-- ijiionijli tin* «*Ii|i '' to t!i»' jjn'k >|»rin(T s. thence tlir 
I In- rruitrn-r.- Ui 'In- jack >[»ri!it5 ^». to tin* dip //', the tjroiiinl si 
I :iinl oii!. I r a I .III ;j^ I If iiisrrle'l into the jack'/, tht» contact^ 
aii'l <*> hfitiji Uiukf-ti. the >\\ jl'-hhoanl einl of tlie line is cutoff 
• ■«iiiimii!ii«";iii«t!i i- e.-i:iMi-lieil with the onlr-ide nortioii. Oii 
oi hiT hMii<l. "A hi-!i a [iliitf i- iri.~«'i'ti'j| into llu' jack (/\ the contacts 
;iii<i - :ii<- liiol-..!i. t h<' nut -:iii' finl !>!' the I i In* is ciit off ainl cc>ii 
i,:<-;it i< .11 i I'- tail! ;-h«'ii \v;ih ihi- -w itrhhoanl. hi addition t( 
.iIm r. I- f'i I r-n ii . 1 h<' V. i !•* '"hifl - (!«*-k i> •Mjni]i|MMJ witli an order ci 
In the l;i t iM'tioii, aiid nin' t«i lh«' hi^t Section of tlie switchl: 
;ihd Ml, I' to i-a«'h i iicoiii iiMj- t!'uiil< o|)crat(»i'. 

'1 hi' iM\l |i<niit jo 1m- cnii.-iih-rj'd is the nietlnxl adontetl 1>> 
\\ ill- flii"'!* for ii- i iiMj- t he t I'oiiKh's that ai'e repoi'itMJ to him. 
ihi ••nil in-ct ion. ii wiil he well t « > ;jo o\(*i" the natni'tMjf t ht» troi 

I h.il In- Mia \ !>•■ <-aI led II poll to tf>(. 

ri:STIN(i rOR IkOUhLKS. 

'!'it>lllilc ■ Iiiav he i|i\ iilrd ililo three classes: 

.1) riiiiM' -iluati'tl ill llu' w iriii;-, ni llu- line, w hftlicr wiHiin tli 
I li:in>(' <ir N\ ii liiHit . 

I !iii-r ni the M|»i»MiMl ii-« ti( ihc ('\chnnLH.', ^'Ucli as Jit* 

i| IMi-lv. 

. '.1 I liti !■ Ill till' MjijiM . al 11' « 'I I III' -iili-i'iiin r lclc|»liniie. 
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The first class are calle<l trir*nti trmthltM, tlie seiHHnl, ''yy^z/v/- 
ttt^ trtnihh'ft^ and the third. xt*it*"ti trtnihhs. Tlie wiriiitx trouMes 
are tlie only ones which the wire ehirf is aMe to lest out with tlie 
apparatus descril)ed. Wiring tronhK^s artMlividt^l into fiw classes: 
(//) Opens; (/>) Grounds: «'•) b^hort circuits: «'/) Crosses: (* ) Es- 
ca|)es. Opens are caused hy a j>«irtiiiir of the wire on one or Inith 
sides of the line. Grounds are caust-^l ]»v one or hoth sides of the 
line coming in elt*ctrical contact with the earth. Short ciiXMiits 
are caused hy the t>vo sides of a circuit coniini; in eltvtrical con- 
tact. Crosses are cause<l by (»ne or ]K)th sidfs of oin* circuit com- 
iiif^ in electrical contact with one or hoth sidi's of anotlier circuit. 
E8cajx»8 are nothinf; more than hit^h resistanc(» t^roniids. 

Opens are detecte<l hy the fact that the suhscriU'r cannot U* 
rung over the line. If a lonj^ line made up largely of cahle con- 
ductors Ik? open on one side it is often jR)ssihle to carry on conver- 
sation over it. But the alternatintr current usih.1 for rinmnir is not 
of sufficient frequency to pass the gap. therefore the signal cannot 
1x3 transmitted. 

Grounds are detectefl hy the fact that the line In^comes noisy, 
and when the ground is heavy on both sides, it amounts to a short 
circuit and the 8ub8cril>er is cut off from all communication 
whatsoever. 

Short circuits are detected by the subscriU'r iRMuir thus cut off. 

Crosses betweiMi two lines are detected by the fact that a ix»r. 
son conversing over one line can be heard on the other line 

Escapes are detected by the presence of noise, when the line 
is connected to a long-distance trunk. 

When an uptii is reported to the wire chief, his first duty is 

• 

to determine whether or not it is situated outsi<le of the exchant^e. 
To this end he removes the heat coils from the arrester springs and 
inserts the plugs <i and <i\ p'ig. ^(JS, in the manner already shown. 
Tlie plug a of the testing circuit, Fig. '^1)0, is inserted into the 
jack /7, Fig. 268, thus cutting off the switchboard end of the line. 
If the open is located outside of the exchancre, the n*lay /' Fi(r. 
265, will not be energized when the plug is so inserted: for the 
circuit being open, no current can flow thnnigh it. If tht^ open is 
located within the exchange, on the otluM* hand, the relay will be 
energized when the plug is so inserted, and the click of the sounder 
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will be heard. If this latter condition obtains, the plug is then 
inserted into the jack <1\ Fig. 2(38, thus cutting off the outside 
portion of the line, and establishing communication with the 
switchboard. The presence of an open is detected in the same man- 
ner as before. The plugs <i and a\ Fig. 268, are then removed, and 
the heat coils are replaced, care being taken to test both of them 
for opens before doing so. The wire chief then goes in on the 
order wire to the operator at the last position of switchboard, and 
directs her to place one of the plugs </, Fig. 266, into the multiple 
jack of the line in question. The test plug is then introduced into 
the jack />, Fig. 266, and an inside man is directed to short circuit 
the line on the main distributing frame with his pliers. Should 
the line show open still it is cleared at the last section, and the 
operator at the first section is directed to plug it up, using a sim- 
ilar circuit, while the short circuit is maintained on the main rack. 
Should the line show closed from the first section, the open is 
located in the switchboard wiring somewhere between the first and 
last section. 

Assuming that such is the case, the inside man removes the 
short circuit from the main rack, and going to the switchboard, 
sticks a plug, the ring and tip of which are short circuited, and 
which he carries in his pocket for the purpose, into the multiple 
jack on the second position. If the line then shows closed, he 
removes the plug and places it in the multiple jack on the third 
position. lie continues this process until the line again shows 
open. When this occurs, he knows that the open is located between 
the section where it last showed closed and the section where it 
first showed open. 

Again, if when the line is tested from the first section of 
board, the short circuit being placed on the main frame, and it 
shows open, it will prove that the trouble is located between these 
two points. Under these conditions, the inside man is directed to 
short circuit the line at the intermediate distributing board, and if 
upon so doing, it tests short circuited, the open will be located 
between the intermediate and main distributing boards. This 
method of testing will l)e understood more easily by referring to 
Fig. 2(59, which shows in outline, the circuit in question from the 
main frame to the last section of switchboard. Suppose that a and 
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h represent the main and intermediate frames res{)ectively, and r, 
//, t',y, (jy and //, the multiple jacks. I^et ./• l)e the point where the 
line is open; let 1 and 2 be the tip and ring of the testing circuit, 
which is shown much simplified. The test battery is at / and the 
relay aty'. With the conditions shown, if the line be short cir- 
cuited at the main frame, it will newrtheless test oj)en as one 
side is open at ./•. If now the test plug be placed in the jack <\ 
the line will test short circuited, because the oj)en is beyond the 
testing point. Ix^aving the testing plug at <\ removing the short 
circuit from n^ and putting a short circuiting plug in ^/, the line 
will again show closed, as it will if the plug be placed at < . But 
when the plug is placed at j\ the line will test open, because the 



-K- 



b 



a 



L I I i I t 



\^^ 



■O^'^^-O" 



^^^'"^^^"•"^^ 



:=: / 



^ 



J 



¥\\i. 2B0. 



open lies between the testing point and the place where the line is 
short circuited. The test could also be made ])y placing the plug 
at /, removing the short circuit from ^/, and ])lacing the short cir- 
cuiting plug successively at </,/', and t. In this case the open lies 
between the jack where the line first showed oj)en and the last 
jack, where it showed closed. 

Trouble located between the first and last section of switch- 
board, is said to be in the multiple and is usually found at the point 
where the cable conductors are soldered to the jacks. It should 
be rememl>ered that in the case of abridging board, a separate 
test must be made on the answering jack wiring, and the answer- 
ing jack wiring must be cut off when a test is made on the mul- 
tiple. This is accomplished by unsoldering the wires at the inter- 
mediate distributing board. 

On very rare occasions the cable conductors oj)en in the 
cable. When this hapjx'us the; defective pair is unsoldered fro^ 
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liH two »(KtiaiiR between which tito break is located 

, h[iBif pair, with whk-h Um ojilile is eqiiipix-d, is fliibHtituU<d, '< 
Ae II [tarliiig rfJiiurk, when r Hiil^ ia tueuxl iit Lhe iiiniii nmk, ^reat , 
are mtiBt be token to test the hi-Rt coiIb for continnity Iwforv 
ley «re replaced. For ahould the o]h,'ii be Iwwted »t this point, 
le line will teat O. K. when taken up at the main rat-k, but will ,! 
ini mediately show open when the heat coils are replaewl. This I 
conibination will canso the wire chief a great deal of troiiblH J 
Iwfore t!i«- deffct in IfK^atitd. I 

TliH iiii'thml eni[jloyi«d for testing heat coila ia to use two or 
three dry fells wnjiiecleii in Kerics with h \i\\x/A^r. The two 
leniiinals of the circuit are soldered lo two clips, one shaped likv l' 
the hc4it wil Bpring unil the iitber like the f;roiind Bpriny of the 
arrester. They art) also Beparated by the aaun; diRlanee us th«wi* 
HpringB. Tlie heat coil to I>e tetil*il ia plaotd Iwlween thtvau two I 
ciijjB, closinfi tha circuit and eounding the buzzer if it ia in proper i 
condition. If the buzKer fails tu soiind, it shows that the hoat '. 
coil is o[)en. 

Aa has been already stated, a (//■••iim/ \s caused by oiii) or | 
both Bides of the circuit coming into elefitrical contact with the 
earth. When a line h grounded on both sides, the effect is 
siuiilar to a abort circuit. The cbiinicteriBlic elfect of a ground ia 
to throw noise on the line due to the jiresence of the earth currents 
on the line. The wire chief, in testing, therefore, has to locate 
the point at which the noise originates. He is assisted by the 
relay and sounder, but the final adjnstnieTit must be made by the 
ear. The routine adopte^l in making the test is the same as that 
employed in testing o[>eiis. 

Tile line is first taken up at the main rack, the testing circuit 
Iming inserted into the Jack '/, Fig. 2(iS. thus cutting off the 
switchboard end. If the line l>e grounded outside, the relay i^. 
Fig. 265, will lie closed by the current from the battery e, flowing 
over the line to the grounded point, and returning through the 
ground x to the relay. But since the same condition will prevail 
on a normal circuit as on a grounded one, the only way to differ- 
entiate is to feel with the finger the pull on the relay armature. 
In the case of a normal ciicnil, the line is closed through the 
1,000-ohm bell, and the current fiow through the relay is deter- 
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ininecl by the E.M.F. of tlio battery dividtMl ])y tbo ivsistance of 
the line and IxjH to^^ether. Wht»u the line is f^rounded, liowever, 
the retnrn circuit is made throuj^h the earth, if tlie battery is con- 
nect^ to the grounded side of tlie line, and the 1h41 is cutout. The 
resistance of the circuit carrying the testinijj battery is reduced by 
this amount, and tlie current tlowint; throuixh the testing relay is 
])roportionately greater, so that the j)ull on tlu^ testinjj^ relay arma- 
ture is jrreater under these conditions, than is the case with a normal 
line. To ensure the teritini£ battery bein<{ cut in on the <frounded 
fciide of theb'ne, the relative* position of the testintr pluu;s </ and </', 
KijT. 2*»S, must be reverse<l. This j»oint will be understocKl better 
by refer rinir to Fii^. 21iK when* 1 aiul 2 represent tlu^ two sides of 
a line with the tele])hone bell at tf. The tip of the testing pi u*;. 

/ 

2 

Fijr. 270. 

Fig. 265, is shown at r, and the shank of the ])lug at r, the relay at 
J, the battery at/', and the two grounds on the testing circuit at f/' 
and {/'\ The trouble is located at (/. With the conditions as shown 
in the figure, the battery is on the side of the line oj)p08ite to the 
ground, so that the testing l)attery must How through the l)ell coils 
to reach (/. The portion of the line between // and r is the only 
]X)rtion cut out, and the resistance cut out of the circuit thereby 
bears such a small proportion to the resistance of the whole line, 
that the current through /> is not increased sufficiently to make 
any material difference in the pull of the relay armature. If now, 
the relative positions of c and <' are changed, so that the testing 
battery is sent out on the No. 1 side of the line, the bell coils are 
cut out, and the pull on the relay armature increased sufliciently 
to be readily detected. 

The above conditions hold good whether the ground is located 
within or without the exchange, for in the former case, the drop 
coil takes the place of the bell coil, and the circuit tests out the 
same way. Assuming that the trouble is located in the exchange, 
the game process is carried out as in the case of an open, with the 
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exception that the defective portion of the line must be cut oflf in 
every case. The defective line being ordered up on the last sec- 
tion, it is opened at the main intermediate distributing board. If 
under these conditions the line clears, the trouble will be located 
between the main and intermediate distributing boards. If on the 
other hand the line still shows trouble, the wire chief knows that 
the defective point lies between the intermediate board and the last 
section of switchboard. 

If the switchboard is of the series type, and the ground be on 
the spring side of the jack, the ground can be located by using a 

11 





[ 






Fig. 271. 

plug made of hard rubber, or an ordinary plug to which nothing is 
attached. Because plugging i"to the jack opens the line, so that 
l)y plugging on each section the defective j)ortion of the line is cut 
oflF until the section on which the ground is located is passed. The 
ground will be located between the last section on which the trouble 
was cut off on p'nggiiig i"i ^nd the first section on which it was 
not. Since it is not practicable to unsolder the multiple jack wir- 
ing, some other device must be resorted to in the case of a bridg- 
ing switchboard, or a series board, when the trouble is on the ring 
side of the jack. 

Such a device is shown in Fig. 271, and depends for its action 
on the ability of the ear to detect the diminution of the flow of 
current in a receiver, caused by the resistance of the switchboard 
wiring. It has proven to be very useful and saves a great deal of 
time that would otherwise be wasted in searching through the 
switchboard wiring. Here the multiple jacks are shown at a, i, c, 
(1^ and t ; the trouble being located at ^, between h and c. The 
answering jack is shown at/* and the drop at //. At Jc is shown a 
battery of dry cells, one pole of w^hich is wired to a receiver /, 
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whose other terminal is grounded at </'\ and the other pole is wired 
to the tip of a plug ///. Tlie intermediate distributing board is 
shown at /, and the answering jack wiring is thrown off at this 
point. The plug m is then inserted into the jack e^ a circuit being 
made for the battery /• through the ground </, As a result, a click 
is heard in the ear, directly the contact is made. The plug is then 
inserted at iL This time the resistance of the circuit is reduced by 
the amount of resistance in the wiring from d to r/, which makes 
an apprecial)le effect in the distinctness of the click. ' At c the 
click is still louder and of equal intensity to what is experienced 
at h. At a it is again diminished. Should the ground be located 
on the opposite side of the line, it will be detected by the fact that 
the line will show o{)en when the ping is inserted. Under these 
conditions, the tip strand of the cord is removed from k and the 
ring strand substituted. If the trouble be located in the answering 
jack wiring, it will disappear when the latter is disconnected. 

The next class of troubles to be considered is the short circuity 
in which both sides of the line come into electrical contact. The 
method of handling this trouble is identical with that described 
for grounds, with the exception that in making the receiver test, 
the battery and receiver are wired to the ring and tip of the 
testing plug. 

The class of troubles known as crosscfi^ necessitate the use of 
an auxiliary testing circuit, but in other respects they are handled 
just like the grounds and crosses. The auxiliary circuit made use 
of has already been shown in Fig. 265, where the plug I is wired 
to a reversing key ;/?, one side of which is grounded. In testing 
for crosses, the two lines in trouble are taken up on the main dis- 
tributing board by means of two testing circuits, one of which is 
shown in Fig. 267. The plug a^ Fig. 265, is inserted into the jack 
e. Fig. 268, while the plug I of the auxiliary testing circuit. Fig. 
265, is inserted into the corresponding jack on the other testing 
circuit similar to Fig. 268. The switchboard portions of both the 
lines in trouble are thus cut off. 

The principle of locating a cross depends upon the fact that 
if two lines are connected together, a ground thrown on one line 
will ground the other also, and the location of the cross will be 
determined by the pull, on the relay armature, as in the case of a 
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fiiinple ground This will l)e illustrated by reference to Fig. 272. 
Here let 1, 2, H, 4 Ik* the conductors of two subscrilHjrs' circuits, 
each with the bell bridcrt^d across, and let conductors 2 and 3, be 
crossed at ./•. lA*t //, //, and r Ihj the tip of the testing plug, the 
relay and grounded battery resjx^ctively; and n' be the plug of the 
auxiliary circuit. I^t the former l>e connected to the Xo. 2 side 
of the line, and the latter to the No. :i side of the line. It is plain 
that a ]>ath for the current from /• is fornu^l through the cross at rf*, 
back over conductor No. 3, to the auxiliary test ])lug, and thence 
to ground Jit f/'. The resistaiuM^ of the telephone l>ell and a jM)rtion 
of the line InMug cut ouf, the pull <»f the relay armature will l>e 
much stronixer than normally. The relative positions of // and a' 

/ 

36- ° X. h 

^9. z — T, y 

9 

Fig. 272. 

must be reversed in order to determine on which side the cross is 
locatiMl. In other resjKvts, the location of across is determintH:! in 

the same manner as a short circuit. 

There remains to be diseussed one more class of trouble, the 
t.siutjh . As has already been ex|)laiiie<i, the escape is a high resist- 
aiK'(* inound, and its j>resenee is felt tlirongh the line becoming 
noisv, due to tlie ])resenee of indueed earth currents. With the 
mai'iieto svstein, esea|»es were teste(l by means of the ear only, 
an<l when the troui)le was located outside of the exchange, it was 
as it is t()-<hiy, turned over to the cable maintenance departm^'iit. 
When an eseajje oeeurs in tlu» switehljoard wiring, it is usually 
due to the fact tliat dampness in tlie air has saturated the cables 
and wire. This is apt to oeeur in the damp warm days of summer, 
and a](»ng tlie seashore. It can be remedied only by thoroughly 
heatini^ the atmosj>here of tlu* exchange, and by the aj>plication of 
chlori<le of linie around the cables and wiriner. SwitchlK)ard cords 
are very apt to saturate from this cause and have to be changed 
very frecpu-ntly. 
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CLEARING OF TROUBLE. 
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So far nothing has hi'vu said of tlu» clearing of trouble that is 
located on the line outside of the exchange, as this work is attended 
to liy a force of men different from that mentioned above. Tlie 
outside force is divided into two groups, //fsjfrrfors who clear 
the station troubles, and fronhlnn* it who clear tlu* troubles located 
on the lines. The ins{)ec*tors also ]K*rform routine insfR^ction of 
the telephones, and maintain them in good working order. It will 
lie evident from an insj)t*ction of the telephone wiring, that all of 
the above-mentioned troubles may be locateil in this a]){)aratus, 




and the wire chief often has nothing ])Ut his exj)erience to guide 
him in determining whether the case rerjuires the othce of an 
insj)ector or troubleman. The trouble being located on the line, 
however, tlie w^re chief sends out a troubleman, giving him the 
number of the cable in which the conductors are located, together 
with the numl>ers of the conductors and the location of the dis- 
tributing point. If the line is made up wholly or in pirt of ojrmi 
wires, the pole numbers and wire numbers are also given. The 
troubleman is equipped with a pair of spurs and a lineman's test- 
box, which is nothing more than a portable magneto tele|)hone 
wired as shown in P^g. 273, where 1 and 2 are binding j)osts to 
which the line is attached; </, a switch pivoted at 5, and playing 
over tlie jioints 3 and 4. At ft is a receiver which is alt^o used as 
a transmitter; at i is a buzzer and at r, a series generator. One 
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pole of the receiver is wired to the switch point 3, while the other 
pole is wired to the binding post 2. One terminal of the buzzer is 
wired to the switch point 4 and the other terminal to the gener- 
ator. With the switch in the position shown, the test set is ready 
to receive or transmit a signal; while with the switch thrown to 
point 3, the buzzer and generator are cut out, and the receiver cut 
in for talking. 

Equipped as described, the troubleman goes to the distrib- 
uting point, cuts in on the given conductors by means of a 
flexible cord equipped with two clips for holding to the lugs in 
the cable box. Assuming the trouble to be an open, he rings, 
and if the trouble lies between himself and the exchange, he will 
raise the subscriber but not the operator. If on the other band 
he is unable to raise the subscriber, but the operator answers, he 
knows that the trouble lies between himself and the subscriber. 
If the trouble lies between the distributing point and the exchange, 
the wire chief is called and a new pair of conductors is taken to 
carry the line. Should the trouble be located between the sub- 
scriber and the distributing point, this portion of the line is gone 
over very carefully and the fault remedied. It may be that 
through mechanical injury a portion of the distributing or drop 
wire has been broken. If so this must be spliced temporarily, so 
as to get the subscriber working as quickly as possible. If need 
be, the line will be permanently repaired at a later date. 

These breaks are very apt to take place where the line passes 
through trees, as under the influence of high wind, the swaying 
of the branches is apt to break the wire. Where such conditions 
exist, or where from any one cause or another, the line is apt to 
be again thrown into trouble, a report of the fact should be made 
by the troubleman, so that the conditions may be permanently 
bettered. The largest percentage of line troubles will be found to 
be located in the contacts of the cable box. 

The station trouble consists almost altogether of parts of the 
apparatus getting out of repair, and the work of the inspector is 
that of either repairing or replacing them. About 80% of the 
transmission troubles are found to be due to weak batteries. 
When Ijeclanche cells are used the insj>ector replenishes tbeni 



^ai^ 



TELEPHONY 313 

himeelf. When Fuller Imtlepiee ftre used lie directn the twitterj 
man to perforin th« work. 

With the introduction of the viumini httti-i-y fyxtiiii, a more 
elalKirate testing cirenit was devised for the wire chief, and a volt- 
meter Mas introduced. The lines to the first and last sections uf 
8witehl:>oard were also wired itiore elaiiorately. In considering the 
subject of testing trouMe with the common hatter}' eyeteni, it must 
be remembered that in tliis case t)ie Bn))seriber lines teet normally 
u[)eu, whieh is not the case with the magneto system. Further- 
more, Imttery Iteing on the line continnally. it can always be used 
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to teat with. This feature makes it, in s«mie respects, easier to 
locate trouble on the common battery systein than on tlie magneto 
system. In Fig. 274 is shown the wiring of the wire chiefs test- 
ing circuit used in connection with the common battery systeui. 
To a cord and plug " are wired ten keys, designated by the letters 
of the alphabet. The key li is called the reversing key, liecause, as 
will be seen, current coming from the battery /■ can lie thrown 
either on the ring or tip of the [ibig. At '■ is the ringing key, the 
ringing generator leads lieing connected to the two outer points. 
At // is the grounding key for throwing ground on one side of the 
testing circuit. This side is always ojijiosite to that on which the 
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battery is connected, l^y means of the key <^, the voltmeter / of 
special desijrn, witli tlie battery /• in series, is thrown on one side 
of the line. At /* is tlie ammeter key, by means of which the 
ammeter vt witli the l)attery /• in series is thrown on one side of 
the line. For the safety of the ammeter, a resistance ft of 100 
olims is connected in series witli it. This may be short circuited 
by the key (j if so desired. At /• is a key for cutting in a telegraph 
relay o., the same as the one shown in the magneto testing circuit. 
To the armature of this relay is wired a sounder not shown in the 
diagram. At / is the holding key, which is thrown across the cir- 
cuit, to hold a line, should the wire chief desire to talk on some 
other line for a moment. The testing key is at/ and deserves 







Fi^. '27."). 

special mention. At .v is a repeating coil wired as a retardatiou 
coil, battrry coniiiig tlirough the inner points and swinging con- 
tacts of the key /. The reeeivt»r y of the wire chiers telephone 
circuit is bridged acT(>ss the circuit with a 2 M.F. condenser jf, 
and the secondary wiuclino; of tht^ induction coil in series. The 
key /' has its outer s])riugs stiapped togt'ther, so that by throwiiK^ 
it, the two halves of the re])ealing coil winding are strapped 
together and batttMy cut oil'. The above circuit gives a very elab- 
orate means of t(*stintr, juid is used as follows: 

The line to he tested heinjr taken up in one of the ways already de- 
scrihed, the j?roundiii«i: key f/, is thrown, tlius ^roinuling one side of the 
line. The \oltnieter key is then thrown, m) that this instrument with 
jrrounded l)attery in series is connected to the opposite side of the line. If 
the circuit is in nornitil condition, it will l»e open to direct hatterj' at the 
suhscrii»er hell, so that the needle of the voltmeter / will not l)e perma- 
nently deflected. The con<lenser in series with the hell, will however be- 
come chartred. If the reversing key /* he thrown, therehy changing the 
direction <»f the hattery potential on the line, the condenser will he <]is- 
chari^ed, and then charircd in the opposite direction, which action causes 
the \oltmeter nee<lle to make an e\eursit»n. de]>endinjL>: in magnitude upon 
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the capacity of the line, and to again return to zero. Should the line be 
open between the point where it is tested and the 8ub8cril)er station, there 
will be no excursion of the needle wiien the voltmeter is thrown This 
excursion, therefore, is the indication of a nonnal condition of the line 
Should the line be short circuited, the condenser will be strapped out, and 
the circuit will be closed to direct current, 30 that under the proper condi- 
tions there will be a permanent deflection of the voltmeter needle, when 
that instrument is thrown on to the line. 

This point will be understood better by reference to Fig. 275, 
where the testing circuit and the line to be tested are shown in 
outline. Let 1 and 2 l)e the two sides of the line to be tested; and 
let r, (1^ and y be the voltmeter, battery and ground resj)ectively; 
while (/ is the ground thrown on the o[)posite side of the line by 
the grounding key. Let the line be short-circuited at .r, then un- 
der the conditions shown, current will How from <1 through the 
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voltmeter c to Ko. 1 side of the line, returning through the short 
circuit ic to the No. 2 side of the line to the ground at (/. If the 
ground at (f is removed, which is equivalent to releasing the 
grounding key //, Fig. 274, the voltmeter circuit would be opened 
and the needle would return to zero. Thenfure^ tf when the volt- 
nu'tev h'tj and (jvoundnuj 1*1/ are both thrawn^ a ihfiectian Is ah- 
tallied^ and If the needle rrtarnn to zero when the groiDidhirj h'lj 
is rel east'd ^ the line tented !s shofm to he short eirndttd. 

Suppose, now the line to be grounded, the conditions shown 
in Fig. 276 will obtain. Su])pose that the line to be tested is 
grounded at r. the testing circuit being connected up as in the 
previous figure, the same letters of reference being used. With 
the conditions as shown the line will test normal, because the 
ground x being on the opposite side of the testing battery, the cir- 
cuit will test open through the condenser ?>, and the ordinary 
swing of the needle will be obtained. Should, however, the ground 
gr' be removed by releasing the grounding key </, Fig. 274, the line 
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will Btill test norma), for the return circuit will be made through 
the ground at arto the ground at y. Therefm^e^ »houhl a atwin^f 
of the voltmeter he ohtanwd irheu the grounilinjg hey h relea^et/^ 
the I me tested "in ill jprove to he ffroumJed on- the nule opposite to 
that on whieh the voltmeter '!tf eoiuieeted. 

If the reversing key //, Fig. 274, is so adjusted that the volt- 
meter and battery are connected to the No. 2 side of the Iine« 
while the grounding key is connected to the No. 1 side of the line 
as shown in Fig 277, then a steady current would flow through 
the voltmeter out on the No. 2 side of the line, to ground at ^ and 
return, and the voltmeter would be ])ern]anently deflected. This 
current flow would l)e altogether indejiendent of the presence of 
the ground y'. There fo re nt^hould the voltmeter luedh* he jpenna- 
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nentl II drjluftd 'irhru ihr (jiniinihrnf li'rfj v.v rrh nxrd ^ the I'nii 
tcxtrd trill jn'oec //> Ih' ifrnn mh d nii fjw nn uw Htdv tix thot tm 
trhii'h the vnlfunfrr v.v rmi iirrft d , If llu* voltnieter ustnl on the 
testing circuit is of the proper sensitiveness tlie insulation of the 
line can he measured, lieferrino; to Fin;. 275, it will be seen that 
any leakao;e current, either from the line to ground, or from one 
side of the line to the other, will flow through the voltmeter, and if 
the instrument \m}. sensitive enough, the magnitude of the insula- 
tion resistance can he determined by means of the following 
considerations: 

I^*t E denote the E.M.F. of the battery used for testinor; v 
denote the readinor on the voltmeter for any i^iven leakage cur- 
rent; let R denote the insulation resistance, and /the resistance of 
the voltmeter. 
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In Fig 278, let A be the testincr lottery, ^f tlie voltmeter, und 
the lines 1, 2, H, 4, etc., denote the leakajre. The current Howinir 
throutrh the voltmeter is given hy the expression 
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where I denotes the llow of current. 

A*niin, the current ilow is denoted hv the followintr different 

expression 

y 
1 - - - 2 

IMaciui-r the ritrht-hand member of 1 eiiual to the rijrht-hand mem- 



II 10 B e f e s ^ 3 



I 



KiliT. "iTS. 



Iter of 2, w«' jfft 



K 



1 



< 



CleariniT fractions ( Iw ; r) r 

or It/ I I'r 

from which lt<' 

Simplifying Mr 



Solving for U. 



I 



- \\l' — Vr 

- (K -- r) r 

E - r 

- : - r 



4 
5 
6 

7 

8 



Ecjuation 8 gives the insulation resistance of the lint* in terms of 
the voltage of the battery and the resistance of the voltmeter, so 
that the sensitiveness of the apj)aratus will increase with the {M)ten- 
tial of the battery used and the resistance of the voltnu4er coil. 

At lirst thought it might seem as if the sensitiveness could be 
increased without limit, by increasing the potential of the testing 
battery. The limit to which this voltage ciin \h} increased is gov- 
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erned by the fact that the higher the voltage usedy the greater the 
strain upon the insalation. In the testing of cables, the usual 
practice is to test with 100 volts of chloride of silver battery, as 
this potential is considered to be high enough to give suflScient 
sensitiveness and not high enough to subject the insulation to 
undue strains. In connection, however, with such testing as the 
wire chief does, it is not essential to get as high a sensibility and 
for the sake of economy, the same battery is used for testing as is 
used for operating the station, so that the value £, in the above 
equations is given at 24 volts. It therefore becomes necessary to 
increase the other quantity as much as possible. The highest 
resistance of voltmeter winding used for this purpose is 40,000 
ohms, so that the highest insulation resistance that can be read 
with this combination is given by the following expression : Let 
£ = 24 and r == 40,000, and ^ = 1, the smallest reading on the 

E-e 24-1 

voltmeter. Tlien R = r becomes R = — = — 40,000 = 

e 1 ' 

23 X 40,000 = 920,000 ohms, almost 1 megohm. Lines having 
an insulation resistance equal to this figure are in good condition, 
and unless this quantity decreases from day to day no attention 
need be paid to it The smallest insulation resistance that can be 
measured on this instrument is fj^iven by the following expression: 
Let E ■- - 124 volts as before, /• -- 40,O()0, and c = 23, the maxi- 
mum reaclin<x of the instrument next to a dead ground. Tlien 

R --=: -^^^- ' /. JH^eomes R = '^^^~y^^'^- 40,000 = 40,000 ^ 23 = 

1,740 ohms. 

Lines havin<j as low an insulation resistance as the above need 
attention immediately. Roughly speaking, when the insulation 
resistance falls below 40,000 ohms the line needs attention. 

In speaking of the testing circuit, Fig. 274, an ammeter jn 
controHed by a key /* was referred to. This ammeter, or rather 
milliammeter, is used to measure lower resistance than 1,740 ohms, 
and is useful in locating crosses, short circuits, and dea<.l grounds. 
The m ill iam meter used has a reading of to 500 milliamperes or 
i am{)ere. The expression used to determine resistance by this 
instrument is derived from Ohm's law: 
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1 = 3 . li - A O 

^ E ' I ^ 

where R is the resistance to be measured, E the potential of the 
testing battery, and I, the current density flowing through the 
ammeter. The highest resistance that can In? measured with this 
combination is determined in the followinij manner: Let E = 24 
volts and I = .001 or ,-jyV(r ai»p*^re. Then equation 9 becomes 



R = 



24 



.001 



= 24,000 ohms. Likewise the smallest resistance that 



can be measured is given by the following, assuming that E = 24 
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and I = 500 milliamperes or .5 ampere. II == -y = 42 ohms. 
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While high resistance can be measured with the ammeter, it 
is not as sensitive for the purpose as the voltmeter, so tliat the 
latter instrument is always uschI. For low resistances, the ammeter 
covers a field that cannot be reached by the voltmeter, hence its 
use. The method pursued by the wire chief in the use of these 
instruments is as follows: The voltmeter is first used, and if the 
resistance is so low that a full reading is obtained, the ammeter is 
then throwMi on. A record is kept by the wire chief of the nornuil 
resistance of each line with the receiver at the subscriber station 
removed from the hook. This, of course, refers to the metallic 
resistance of the line and not to the insulation resistance. By this 
means w^hen a short circuit or dead ground occurs on any one of 
these lines it can be determined by comjyarison. 

The telegraph relay is used in the same manner as described 
for the magneto circuit, and therefore needs no s|)ecial mention. 
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Tlie }>attery key k is used when the wire chief is talking to a line- 
man with a test Ix)x, as under these conditions it is not neoessaiy 
to throw )>attery on the line. In all other respects, the locating of 
trouble is ])erfonned in the same manner as that described for the 
magneto system. The lines to the main distributing board possess 
no new features, but the lines to the lirst and last sections of switch- 
l>oard are characteristic and are shown in Fig. 27i>, where/* denotes 
the plug at the switchboard, and h the jack on the wire chiers 
desk. To the points of the jack is connected the drop u with a 
condenser // in series. The drop is provided for the convenience 
of the line men in calling up. Wired to the shank of the plwg./ 
is a lamji <\ the battery lead Ixjing run through a key y. Wlien 
the plug is introduced into the subscrilx3r jack, the battery e is 
grounde<l through the cut-off relay, and current, therefore, flows 
through the lamp, thus indicating to the wire chief by its illnuii- 
nation that the line has been taken up by the operator. By de- 
pressing the key fj this lamp circuit is opened, and current removed 
from the cut-off relay of the line being tested, so that this relay 
lK*ing released, direct current is thrown on the line. Under these 
conditions when the wire chief throws the listening key on his test- 
ing circuit, the line lamp becomes illuminHted. Tliis affords the 
wirr chief a means of (juickly testing the answering- jack wiring. 
While the usc^ of the v(>ltnieter jilTonls ii great help to the 
wire chief in detecting and locating trouble, lu^ must possess a 
trainetl ear. and be thoroughly familiar with the nature of the con- 
struction of the line both inside and outside of his exchanw. He 
must also ])OSsess execiitive ability in a high degree to sncoessfully 
deal with the large volume of business that is transacted at his 
desk in the course of the day. 

CABLE MAINTENANCE. 

The clearing of trouble in cables is a much more elalwrate 
piece of work than that of clearing trouble in open -wire lines, 
bridle wires, or drop wires, sinct^ it always necessitates the opening 
of old s|)lices and the making of new ones. The work of locating 
trouble, too, necessitates the use of delicate scientific instruments 
and more or less complicated nuithenuitical formulae. This work, 
therefore, cannot very well be lumdled by the force under the wire 
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chief, and in the larger conij)anies is j)erforined by the construc- 
tion department, a snb-departnient being provideil for this pur|K)8e. 
The force of men employed in this work consists of a ganir of 
cable splicers and a gang of galvanometer men with their assist- 
ants. The size of these two gangs depends on the size of the 
cable plant, and the volume of busint'ss to l)e done. I^rge com- 
panics that have a great nuinl)er of nndergrouiid cables, find that 
they are getting out of order all the time, so that these two forces 
are continually employed in locating and clearing cable trouble. 

All reports of cable trouble come to the construction depart- 
ment from the wire chief, who, by the metluMls already described, 
locates the trouble in the cable. The work of clearincr the trouble 
is divided into two distinct heads: First, hwnthuj trtnihlv. 
second, clearing tronhlf. The work of locating trouble is per- 
formed by the galvanometer man, and for this purpose he is 
equipped with a galvanometer of one of the |K)rtable ty|K^8, a 
battery of 100 chloride of silver cells, a battery reversing switch, 
and a caj>acity switch. A standard megohm coil should also be 
provided. Some form of lamp stand and scale will also be 
necessary. 

Lead cables are thrown into trouble from three causes: Mr. 
rhiinh'nl Itijanj^dt'tcrin/uttinti (if the Ittnl Hhmih dne (tt clcctmlfj- 
Mix^ And the h if rn! /If/ of thf rondnrforH a ml nlmdh htj (icdihutnl 
rffittart with high foreign potentials, such as lightning, trolley cur- 
rent and the like. The fact that a cable is deteriorating is made 
known by the increasing number of troubles that are found to be 
located in it, and when such a condition prevails the galvanometer 
man is sent out to locate the trouble. As a usual thing the galva- 
nometer man makes his test from theexchanm* and to this end sets 
his instruments at this j)oint. Except in the case of nurhanical in- 
jury, or injury one to lightning, the trouble from which cables are 
most likely to suffer is grounding. In the case of mechanical in jury, 
or lightning, grounds, short circuits, crosst^s, and ojkmks are apt to 
l>e encountered. The nature of the trouble with which a cable is 
afflicted, is usually reported by the wire chief, but the galvanometer 
man, while he uses the wire chief's re[K)rt as a guide, must never- 
theless make a thorough determination as to whetlier or not any 
other trouble exists. 
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Thompison Qalvanoflncter. In Fig. 2S0 is shown one of the 
best adapted fonus of the Tiiouiftson galvanometer for cable- testing 
work. It coiifisis of 4 coils, two of which are shown at a and a* 
mounted on two eltonite p»iilars h and h\ which in turn are sup- 

jiorted on an ebonite base c. 
This l«ise is e*]nip|:ied with three 
leveling screws */. iT ^ and d'\ 
Tl»e tenuinals of the coils are 
brt»Uijht out to binding posts 
placeil on the ebonite base, four 
of which are shown at e, e\ t\ 
'." . The system is suspended by 
an unspun silk thread, which is 
f listened to the milled -head screw 
r\ The upper magnet of the 
system having the mirror at- 
ladled is shown at y, while the 
lower one is shown at ^. The 
colls are enclosed in a cylindrical 
glass case /, upon the metal top 
of which is mounted the vertical 
rod / carrying the control mag- 
net I. Tlieliottom of the rod is 
e«[uif»|ied with a worm wheel 
into which nieshesa screw /with 
a milled head //*, The control 
magnet makes a binding fit over 
the ro«l, and coarse adjustment 
can l>e made with the band. 
Fine adjustment is made with 
the screw and worm wheel. The 
glass case tits air-tight, so as to 
exclude the dust. 
In Fi*:. 2"^! is shown the plan of wiring the coils and method 
of bringing the terminals to the binding posts. By following the 
direction of the arrows, it will l>e seen that by properly coonecting 
tocreiher the binding T»osts 2. 3. 4, 5. ♦>. and 7, the coils can be 
connected in series or multiple as desired, and that anyone of the 
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coils can be cutout at will. A leveliiitr irlass. sliown at */, is pro- 
vided bv means of which the instrument can be accurately ad- 
justed in this respect. 

D'Arsonville Qalvanometer. While this typt* of instrument 
gives very good results, and is the l>est form of the Thompson 
type for portable work, it is not 
as good as the IV Arson vi lie iral- 
vanonieter, a very excellent form 
of which is shown in Fi*;. 2^'2. 
This instrument is as sensitive as 
the Thompson, but is mueh 
more easily set up and adjuste<l, 
and is absolutely unaffected by 
fluctuations in the earth's field. 
Tlie permanent magnet is lam- 
inated, thus ensuring a high de- 
gree of magnetic saturation in 
the iron. The system is sus- 
pended top and bottom in the 
metal tul>e, which can readily \k^ 
placed in position and secureil 
with a screw. By means of a 
small nut at the bottom of the 
tube, the system can be held rig- 
idly, when the tube is Wing car- 
ried about, thus preventing mechanical injury. 

Battery reversing keys are made up in several forms, one of 
the most approved IxMug that shown in Fig. 'J^^. Here six biiul- 
ing posts E, E', E", D, F, and F'. are nu)unted on ebonite pillars 
to ensure good insulation. These columns an* mounted on an 
ebonite base. To the binding posts K' and E ' are attached two 
springs which carry at their opposite ends two ebonite buttons A 
and C. Each one of the binding j)osts F and F' is e(jui[)[H'd with 
a short strap at the end of whieh is a set screw. The ends of these 
two screws are platinum -pointed, and touch two platinum projec- 
tions on the springs when the latter are in the normal position. 
The two binding posts E and 1) are connected by two co|>per rods 
to two posts II and II' resj)t»ctively, each mounted on an ebonite 
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pDBL Two keys G and G' art) mounted on ebonite pillan, bj 
means of which the springs are depressed, so that they break con- 
tact with F and V and make it with II and II'. Each one of these 
keys can be operated independently of the other. Whenever it is 
desired to depress either spring mouieutarily, the finger is pressed 
on either one of the bnttoos A or 
0. Themethod of connecting up 
this switch will be shown a little 
later. 

Capacity Key. The most ap- 
prove<i type of capacity key is 
shown in Fig. 284, where mounted 
on an ebonite baee is an ebonite 
pillar bearing a binding post ". 
To this post is attached a spring 
h, carrying at the other end an 
ebonite bntton <: Two other bind- 
ing posts <l&nd (/'each mounled on 
an ebonite column, are provided. 
J*ji(.-b binding post is equipped 
with i» stout fopjier strap, the one 
!itt;ifht-d U)if. Iieii<liiig lip Slid over 
till' s-priiig f>\ wiiil« the one al- 
tadiiHl U) ./■ IxMuls down iind under 
//. Kiich stnip is e(jiiip[Hid at the 
end with a set surew. wliose end 
is jiliiliniiin -pointed. "When the 
spring is in the np|ier position it 
iiiaki-H t.oiil:u-.t with the np|(er set 
ii(i wiicn it is ill the lower 
it niiikes contact witli the 
fii't scrt'w, breaking its 
(.'oiitin't Willi the top one. Two 
ritli an elmiiite Imtton, are so con- 
ir /i wlu'ii it is depressed, and hold 
le spring /■ bits ln-en dcpresstKl. tlie key 
ed, it ilivfi iipwiiitl until it etrilies against 




the iipjier set screw. 
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de|iresRiil, tiit^ B|iring h Hit-!) upward until it strikes H<rHiiist the 
t(Milli of till- d i sella iiff kuy, «lik-li lioUia it in a mid |)osition iiisti- 
tattxl from ^loIll the ii[i[>er and lower Bet screws. The inetliotl of 




Fi^r. 283. 

fonnet'ting up will Im' (iescriV-d later. Tim t^tandard iiie^iliiii 
resistanci^ used to get ii constant is one of the niaiij' forms fjotten 
out for tbis purpose, bs is the standard condenser. 

The UR'thod of wiring np the galvanometer, liattery key, hat. 
tery. and staiidai-d resistaiiee to get a cotistant is shown in Fig, 2>S5. 
Here c denotes the hattery, '" the battery iwersing key. h a tapper 
key to short circuit the gal- 
vanoiiieter, '/ the galvanom- 
eter, c the shnnt, and/' the 
standard megohm resist- 
ance. If the spring 2 is in 
its normal position, and 
spring 3 depressed, the cur- 
rent flowing from n will pa 
from contact 1 to spring 2 
and thence through the gal- 
vanometer and shunt, when h is depressed, to the spring ii, from 
this point, to the contact >, through the iriegoluii/^ returning to 
the battery. If spring 2 is de|)ressed and ;( normal, the direc- 
tion of current How through the galvanometer will Ix" rever8e<l. 
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When a constant has l>een obtained, the standard megohm is 
reversed and the negative pole of the battery connected to the wire 
to be tested, the positive pole oi the battery being grounded as 
shown in Fig. 280, wliere // represents the joint between the cable 
conductor and the test wire, the insulation on the conductor being 
shown at^>, and the sheath of the cable at (t, Tlie terminal e is 
grounded. By means of the key ;/?, either j)ole of the battery can 
be connected to the line and double readings taken. Tlie macrni- 
tude of the deflections should be the same in both cases. 
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Measurement of Capacity. Thi*re are many methods adopte<l 
for iiu*asnrin|M^ capacity, but tlu* oiio oftencst employed by the 
<jralvaiK)ineter iiiaii is that of pro])ortional deflections, and CA>nsists 
of eliarciiiix tlie eal>le at a <rivtMi potential, and notincr the mairni- 
tude of tlie deflect ion at (liseliartr^'. tlien eoniparing it with that 
obtained by (lisehai«j;iiiij^ a condensei* of known capacity that has 
previonsly been cliai'o;e(l. Tlie inetliod of connecting up for this 
piir[)ose iri sliown in V\\i. -"^T, in wliieh the standard megohm is 
rej>Iace(l by a standard comlensei' <' and the capacity key /* is in- 
troduced. This key /• is dt'pressed, causing cnrrent from the 
battery to char<2;e the condenstM*. Thi^ key /.' is then released, flies 
to its uj)j)er position and discharges the condenser through the 
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galTanometer. When a constant deflirction bas liet* n obtained the 
condenser is removed* and one terminal is connected to the con- 
ductor to be tested, and the other to £n*ound. as shown in Fic^- 
288, where the contact r of the l»attery switch and one terminal of 
the battery are connected to the conductor at '-. the insulation 
being shown at «f and the sheath at b, Tlie spring of the caj»city 
key is grounded. With the key X* in its lowest ]»osition the cable 



I 




is charged. But when it is jillowed to lly up, tin* battery is cut 
off and the cable diseharcred throu£rh the iriil^'^nonieter. 

Murray and Varley Loop Tests. The galvanometer man 
uses these two tests, to determine tlie iiKsulation resistance and 
cajmcity of each conductor of the cable. The defective conductors 
are thus picked out and the next j)iece of work to jx^rform is to 
locate the trouble found. There are two metlKwls employed of doing 
this, each one having its j>eculiar advantages; and l)otli having in 
common the advantage of simplicity. They are known as the 
Murray Loop Ttst and the Varhi/ Loop T<i<f, With l>oth of 
these tests the Wheatstone bridtre method is employed. The scheme 
of connection for the former is sliown in Fig. !2M>. One terminal 
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of the battery iH f/rou ruled, and the other one is connected to the 
junction of h and tl^ or what is the same thing, l>etween the rheo- 
Htat and one arm of the bridge. The other arm of the bridge is 
plnggtnj nj) as shown. Let/be the location of the ground located 
on condnctor No. 1 and let conductor No. 2 be any other good con- 
dnctor in the same cable, and suppose tliat their ends are joined 




Fi^'. 287. 

at y». Tht^ rosistanct's at h and d are adjusted until a balance is 
rt»arhod and no cnrront Hows tlirouirli tlie ijalvanonieter. Denot- 
in^ l»y i\ tho resistance of the conductor from C to the fault, and 

by V, that from K to the fault, we have 

» • 

/> X // = ff X ;/• 10 

|)enotr by L the resistance of the whole loop, and we have 

r -f- .V = L 11 

// = L-.r 12 

Substitulino- {or // in cijuation 1() its value found from equation I'i, 



we lA't 



A ,1. .r) -- J \ .r 

w = L 

f» X it 
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which gives the resistance of the conductor from the exchange to 
the fault in terms of the two known resistances of tlie bridge, and 
that of the whole l(K)p. 

Knowing the gauge of the conductor the location of the fault 
can l>e determined from the resistance. To get the loop condition. 
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all that is necessary is for the cralvanometer man to send his 
assistant out to the cable box, at which point the defective con- 
ductor and a good one selected at random are joined. If more 
than one conductor Ijt^ found defective, a test is made on each one, 
or on a sufKcient number to determine that thev are all defective 
at the same point. 

In Fig. 200 is shown the scheme (if wiring for the V((rlitj 
Loop Ti'><t. Here I> (' and A I> are the two bridge arms and A E 
is the adjustable resistance. The deft»ctive conductor is shown at 
No. 2 and the good one at No. 1 They are joined at p, Tht^ 
fault is aty. The resistance d is adjusted until balance is estab- 
lished, when we have 

a [d + ,/•) ^ h 11 14 

where the symbols denote* the same quantities as in the j)reviou8 
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case I-.etting as before the total resistance of the loop be denoted 
by L, we have 

./' -f y = L 

1/ --= L-x 

Substituting a {(/ + ic) = (/ {]j - x) 15 

/> L - (fff ^ 

16 



;/• -^= 



If 



/> + u 

1 . J— '' 

=s if then ,/ = — ^y — 



17 



which gives the resistance to the fault in terms of the total resist 
ance of tlit* loop and tin* ad justai)le resistance. 
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Cable faults are usumIIv locatiMJ in the splices, and are due to 
more or It^ss careless work on the part of the cable sjjlicer, in either 
not properly making the joints, or not properly placing the insu- 
lating sheeving, or not ))n)perly boiling out the S])lict» after it has 
been made. Aeain, when the joint in the cable sheath has rH>t been 
properly wi]>e(l, moisture is apt to leak in to the conductors, thus 
eansing grounds. AVlien the trouble lias been located in the splice, 
the cable man is sent out to open it, examine its condition, j)rop- 
erly re-make it and wi])e it over a^ain, after which it is a£fain teste<i 
out to make sure that tlie trouble has been cleared. AVhen tlie 
troul>le is loeate<l in the cahle between spliees it is usually due io 
mtM'hanieal injury or to the fact that the cable lias not been prop- 
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^•rly constructed. Wlieii, liowever, this condition obtains, the only 
tiling to do is to replace the defective section, and this work is per- 
:fonned in the following niaiincr : 

Let a and h in Fig. 21>1 represent two manholes, and let 1, 1, 




^ 




A cf E. 



Kit?. 2?K). 

ti, 2, 3, 3, etc., represent the conductors of a cable that has become 
defective at the j)oint ./• between the two manholes. A new edible 
r is run in a spare duct In^tween the two njanholes, the lead slet*ve 
on the ohl cable is riMiiovcd in the manhole ^^ and the conductors 
of the new cable are joined to those of the old one at random. 
This havincr been dont* the lead sleeve is removed from the old 




cable and the conductors of the new cable an* spliceil to those of 
the old in the foUowincj manner: 

In Fig. 21)2 let 1, 2, 3, etc., represent the conductors as before, 
only three conductors being shown for siniplicity. A telegraj)h 
relay <I has one ternjinal connected through a battery r to one of 
the conductors selected at random as No. I. The other terminal 
of the relay is grounded at y. To the local of the relay is connecteil 
the battery d' and the buzzer/'. The lineman is e(]uipjHHl with a 
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pair of shears r, which he alwavrf uses to skin off the insulation 
and to cut the wire. To these shears is attached a wire grounded 
at // With tliese shears he cuts tliroutrh the insulation of all th« 
conductors so as to tonch the wire, and when the conductor to 
which No. 1 has been joined is reaclKnl, a circuit will be found 
through the shears and wire to ground, causing current to tlow 
through the relay d and the buzzer /"to ground The proper con- 
ductor having l)een thus located, it is cut, and the end of the por- 
tion from // on is spliced to No. 1 conductor in the new cable, 
while the {X)rtion running l>etween ^f and /> is left open. The cir- 
cuit is thus made over the conductor in the new cable between the 
two manholes. The relay is then connected to another conductor 
in the new cable selected at random, and the conductor to which it 
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Fig. 292. 



has been attached, found as in the previous manner, and a joint 
made. This process is continued until all the conductors in the 
new cable have been joined to those in the old. 

The condition at this statre is that shown in Fior. 293, where 
the conductors of the new cable are shown connected to those 
in the old cable at ^^ //, and t-, in maiiiiole /», while the conductors 
in the old cable are shown dead between the two manholes. Care 
must be taken not to short circuit or cro.-s the frt^* ends of these 
conductors in manhole />, as they are still connected to working 
wires. The lineman then ir(x»s to manhole o and cuts off the old 
conductors runnint/ between the two manholes, aft;*r which the 
new splices at (t and h are !>oile<l out and the joints wiped. The 
length of old cable lK»tween tin* two manholes is then pulled out 
and the work is completed. 
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THE PUPIN SYSTEM OF LOADED CIRCUITS. 

The subject of increasing indefinitely the lon//-(f! stance limit 
of transmissio)) ^ is one which has int(»ri»stiHl telephone engineers 
ever since the beginning of the art. With the best possible con- 
struction, and the most improveil appiirntns, the limit of transmis- 
sion over open wires is about 1,200 miles. When cables are used 
to make up ix)rtions of th(? line, this figure is materially reduced; 
the amount of nnluction di?ix*nding upon the percentage of cable 
with which th(» line is made up. This loss of transmission current 
is due to three factors, disregarding the leakage through the insu- 
lation resistance; and th(»y are: liesistath'e of the line, (^apacity 
of the line, and Self induction of the line. 

The resistance factor can be hhIuccmI by increasing the size of 
the conductor; but this increast* is limitwl, as has already been 





shown, by practical line construction considerations. The capacity 
factor cannot be atfected, as in the bt^st construction, it is already 
reduced as low as possible. Th(» one nunaining factor, that of self 
induction, seems to bti the only one that can be lookt^l to for aid in 
increasing the limit of transmission. This point was graspc»d by 
the pioneer writers in this field, and during the World's Fair in 
Chicago, 111., the English scientist, Hylvanus P. Thompson, advo- 
cated the construction of a cable that should have electromagneto 
or retardation coils placed at int(»rvals throughout its length, so 
that by increasing the self induction, the etfect of the static capacity 
might be overcome and the limit of transmission thereby increased. 
This scheme was subsequently tried several times, but so far 
from meeting with success, it was found that the transmission was 
not as good under these conditions, as with the circuit in normal 
condition. It was found that the presence of the magnetic coils on 
the line produc(»d electric ''(»cho(»s,'' which made the transmission 
very indistinct. The exixTiment showcnl that while increasing the 
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self induction of a line nnifonnly throoghoat its length increased 
the distance over which transmission coold be carried on, the 
presence of increased self induction at points along the line had the 
opposite e£Fect. At this point the matter was allowed to rest, until 
Professor M. I. Pupin discovered in a very ingenious manner, the 
proper intervals at which the points of high self induction must be 
placed, in order that the effect would be the same as if the increased 
self induction were distributed uniformly throughout the length of 
the line. His method of reasoning was as follows: 

To start with, the electrical energy in the talking current is 
transmitted from one end of the line to the other in wave motion. 
The amplitude and wave length depend upon two factors: Firsts 
the intensity and law of variation of the impressed E.M.F. at the 
transmitting end, and Seconds the nature of the reactions of the 
circuit. The intensity and variation of the impressed E.M.F. at 
the transmitting end, will follow exactly the intensity and law of 
variation of the exciting force, which in the case under discussion 
is the energy of the sound waves. This quantity being easy of 
determination, nothing further may be said on the subject. The 
quantities to be considenil are the reactions which take place in 
the circuit. It will be of material sissistance to the proper under- 
standing of the subject, if the analogous case of wave transmission 
over a cord, be considered first. 

Supix)si^ that in Fig. 294, one eml a of the string a hhe agi- 
tated backwanl and forward in the dirtH^tion of the arrows by a 
simple harmouic motion. A wave of decreasing amplitude will be 
transmittal along the string from the ix)int a towards the point ft. 
That th(» amplitude decreases is shown by the fact that the onlinate 
1-2 is greater than i^-4, which in turn is grt^ater than 5-6, etc. The 
wav(» motion dies out Ix^fon* h is rt'acht^l, so that no energy is felt 
atthisixMnt. Let us consider now the reaction that takes place 
in the string. 

First, there is the inertia reaction^ which is due to the kinetic energy 
stored up in the mass of the strinfj. 

S<»cond, there is the elasticity reaction^ due to the tension existing 
between the particles of the string when distorted. 

Third, there is the frietional reaction, due to the production of heat. 

Of these three reactions, the first and second are useful in 
proi>agating the wave motion through the length of the cord. The 
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inertia of the cord acts like the inertia of the fly-wheel of an 
engine to absorb the energy given out by the piston rod, and give 
it ont again to the machinery. The elasticity reaction being due to 
increased tension between the particles of the cord, tends to make 
it return to its original position. 

The method of procedure is somewhat as follows: The end of 
the string a having been displaced to the right by the disturbing 
force, the inertia of the cord tends to transmit this motion to the 
remaining portion, and in so doing transforms itself into elastic 
energy or tension between the particles. When this tension has 
become equal to the energy of in- 
ertia, its reaction brings the string 
to rest, and causes it to move back 
to its original position. When the 
original position has been reached, 
this elastic energy has been re- 
transformed into energy of inertia 
which carries the string past the 
original position to some point on 
the opposite side. As the string 
passes the original position, its 
energy of inertia is again trans- 
formed into elastic energy, till, 
when this transformation is com- 
pleted, the cord again comes to rest. 
The elastic energy again causes the 
string to return to its normal posi- 
tion, and when this point is reached, the inertia again carries it to 
the other side. The frictional reaction tends to i)roduce heat only, 
and is, therefore, useless in propagating the wave motion along the 
cord. Now, this motion will continue to bt^ jjropagatwl along the 
cord until the successive losses due to the frictional reaction have 
become so great as to absorb all the energy, whereupon the string 
comes to rest. 

From these conditions it will be apparent that there are three 
methods by which the distance over which the wave motion can be 
propagated, may be increased: 
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Fint, by the reduction of the frictioDal reaction. 
Second^ by increasing the elastic reaction. 
Third, by increasing the inertia reaction. 

It is a well known principle of Mechanics that, all motion Ib 
attended by friction; so that while, with properly designed mech- 
anism friction may be reduced materially, it can never be 
eliminated. Supposing that in the case of the cord just consid- 
cred, the friction to be reduced as far as possible, the next thing 
to do is to consider the effects of increasing the inertia reaction 
and the elastic reaction. If the inertia of the string be increased 
by making it of heavier material, the inertia reaction will be in- 
creased correspondingly, and the ratio of the frictional reaction to 
the inertia reaction will be reduced so that the wave motion will 
be transmitted to a greater distance before the useful energy is ab- 
sorbed, as shown in Fig. 293, and if the inertia is sufficiently 
increased some energy may be transmitted to b. 

Again, should the elastic reaction be increased, by increasing 
the tension of the string, the distance over which the wave mo- 
tion can be propagated will also be increased, as shown in Fig. 
296. In this case, however, it will be noticed that the wave length 
is increased. So far the uiethoil of increasing the inertia consid- 
oreil has Ix'vu by increasing the mass of the string miifonwly 
throughout its entire length. The noxt mt»thod of increasing the 
inertia of thr conl is by attaching wt^ights to the string at inter- 
vals. If the intervals at which these weights are attached K* 
properly selecttnl, thi' result will bi* that the distance over which 
tht» wave motion is propigated will bi* equal to that of a cord of 
uniform mass, whose inertia is the same as that of the loaded conl. 
This ix)int is illustrateil in Fig. 2V)7, where 1, 2, 3, 4, etc., repre- 
sent the weights attachtnl to the cord. It Ixang assumtnl that the 
distance bt»tween the weights, (t-l, J -J, J—>, etc., is the proper one, 
the mass of the cord plus the weights must be the same as that 
of the imiform corI shown in Fig. 295 in order to have the condi- 
tions of wave transmission tlu» same in both cases. 

It can bt* shown readily by exix?riment, that even if the mass 
be ret^iiniHl const<int, and tlu^ wtughts be not plactnl at the proper 
intervals, the resultant wave transmission, so far from bt»ing im- 
proved by their presence, will be decreased, as shown in Fig. 21^JS. 
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here 1 and 2 represent two wi^ights whose combiiUHl mass is 
^^qual to that of the weights shown in Fig. 2*J7. 

It will be stvu tht»n, that as far as the ca^mcity for tnuis- 

nitting wave motion is concenuHl, a loaiUnl string can lx» made 

^jiial to a uniform nnlojidtHl string, if sulfieient mass bi» addinl to 

Xhi} former, to makt» thi* two strings I'qnal in this resjx^ct, pn>- 

vided this addifd mass is subdivided and eaeh ix>rtion phiccnl at 

the propt?r interval along the string. 

We are now prepared to con- 
sider the analogy existing between 
the case of wave motion being 
transmitted over a string, and 
electrical wave motion bi'ing trans- 
mitted over wire. When an alter- 
nating current is transmitted over 
a circuit, three reactions taki? place*. 
First, indurtiuire rearflan, called 
ordinarily the counter E.M.F. of 
self induction, and which corre- 
sponds to the int»rtia reaction. StH^- 
ond, capacitij veartlou, which cor- 
resix)nd8 to the elastic reaction. 
Third, resistaure rctK-tion, which 
corresponds to the frictional reac- 
tion. Denote the inductanct^ re- 
action by Ri;the capacity reaction, 

by Rr; and the resistanci* reaction, by Kr. Reaction iisused in this 
discussion is diitined as that ([uantity wiiich, multiplier! by the cur- 
rent flow, gives the rate at which energy is given out. Denoting 
• therefore by I, the current flow, we have the following equations: 

R, I = Energy expended in overeoming the indnetanee renetion. 
Re I = Energy ex[)ended in overeoniing tlie eapaeity reaetion. 
Rr I = Energy expended in overcoming the re.sistance reaction. 

Denoting the total ent^rgy delivered to tht» circuit by E,. we 
have Ec = Ri I + R« I + Rr I, which is a statement in matlu*- 
matical form of tht* law that action and reaction are equal. The 
first two reactions are called ronnerratirc reactlofuH and are us(?ful 
in transmitting energy over tlie circuit. The List is ustnl up in 
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generating heat only, and represents lost energy. The first two 
correspond to the inertia and elastic reactions in the case of th(* 
cord; and the last to the resistance reaction. The first, or in- 
ductance, reaction represents the energy utilized in producing a 
magnetic field around the wire. This mjignetic field is cai>able of 
returning its energy back to circuit in the form of current. The 
capacity reaction represents the energy utilized in establishing an 

electrical stn^ss between the conductor and its sur- 
rounding medium. This electrical stress is cai)abl(^ 
of returning its energy to the circuit in the form of 

current flow. 

From mathematical considerations of the propa- 
gation of electrical energy along circuits, we have the 
following: 

Ri = ff L where a is a cohstant and L the coef- 
ficient of self induction of the circuit. From the ex- 
l)ression, it is api>areut that the inductance re<iction 
varies dinK^tly with the self induction of the circuit, 
so that the greater the self induction the greater will 
be its reaction. 

Again we have 

Re = 6-^. 

when* h is another constant, and -^- the reciprocal of 

thij ca2)acity()f the line. From this expression it will 

b(' scH'H that tlic ca2)acity reaction varies inversely 

with the capacity of tht' circuit; so that, the greater the capiicity 

the less will be its reaction. 

A«j;ain. 

Kr K l-, where K denotes the resistance of thi» circuit and 
tlie strength of curn'nt tlow, this latter expression being well known - 

From t lie abov(U"onsi(lerat ions it is evident that there are thrcL.* 
ways of inei-easing the transmission limit: First, by incn^asing 
tin.' self induct i(^n. St'C()nd. by (h'creasing the ca2)acity. Third, by 
decreasing the resistance. The limit to which the resistance of the 
circuit can ])e decreased has already been discussed under Line 
Construction, so that this discMission will be linnted to what can be 
done with tlu' other two. With thr use of the present pajxT insu- 
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lated cables and open wire line construction, the cai)acity has been 
reduced to a point beyond which there does not seem to be any 
chance of progressing. Therefore, the only reaction that can bo 
improved is the inductance reaction. As stated above, this xx)int ^ 
had already been recognized, but all attempts to make use of it led 
to failure, due to the fact that the ix^ints of increased self induction 
were not properly selected. These results were similar to those 
obtained when the vibrating cord was improperly loiided, as shown 
in Fig. 298. Professor Pupin's discovery consists in determining by 
mathematical considerations the pro^x^r intervals at which the points 
of increased self induction should be locattnl. This interval varies 
with the capacity of thp line, and for o^x^n wire lines has been estab- 
lished at 2J miles, while for cables the interval is about 1,000 feet. 

The scheme adopted is to cut into the line at the intervals 
mentioned, a retardation coil, thus producing a ix^int of high self 
induction. These coils, called loading coils^ are encastKl in iron 
boxes, made perfectly water tight, and so constructed as to be 
mounted on the pole. For cable work, they are i^laced in manholes, 
the case being so constructed as to be capable of being mounted on 
the side of the manhole. 

For cable work, the loading coil has proved very successful; 
but in connection with oix?n-wire lines, there h^is been experienceil 
considerable trouble due to lightning. This difficulty will no doubt 
be overcome. Transmission is increasi^d by the use of the load 
coil about 25 per cent. 

PRIVATE BRANCH EXCHANGES. 

Certain classes of subscribers, such as hotels, factories, and 
corporations located in the large nuxh^rn office building, oftiMi 
require an extension of ti^lephoiie service beyond that given under 
ordinary conditions. This arises from the fact that the nimiber of 
calls per day for this class of subscriber is very high, and because 
a local service is requinnl in addition. For example take the case 
of an insurance company occupying many rooms in an office build- 
ing, and being subdivided into many dci)artuients, say ten. The 
head of each department n^quiring telephonic communication in 
his own office, it will be necessary, unless some other plan bo 
devised, to plac^ in each office at least one telei)hone connected to 
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a direct wire to the telephone exchange. This arrangement would 
call for ten direct lines. Now the necessity for these ten lines 
arises from the fact that a tek^phone must be placcnl in each offici*, 
and not because this number is required to handle the business. 
It follows, therefore, that each line will be operated far below its 
normal capacity of calls. 

To illustrate the above, suppose the total number of calls sent 
and received by the company ix3r day to be 100. Assuming that 
the business is equally divided among the various offices, the total 
number of calls handled by each line would be ten, which does not 
approach the capacity of a telei^hone circuit. 

Again, in addition to the calls to and from othRjr comixmies, 
there would often be occasion for one department to hold com- 
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Fig. 290. 

munication with another, which under the existing conditions could 
be done by establishing the connections through the exchange in 
the regular manner. This means that for these inter-depjirtment 
communications, lines to and from the exchange must be main- 
tained, whereas short lines extending only between the various 
departments are all that is required. 

To handle this class of business on a more economical basis 
the private branch exchamje was duvised. The jjrivate branch 
exchange is nothing more than a switchboard placed in some con- 
v(uiient locality within the offices of the subscribing couqxiny. To 
this switchboard are nm from the excliange a sufficient number of 
lines to handle? the total numb(»r of calls for outside iXDints. From 
this switchboard also extend linc»s to each one of the telephones 
placed in the de^mrtment offices. The lines to the exchange are 
Called trunks, while those to the telephones are called auxiliary 
lines ^ or extension lines. 
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The size of the switch boiinl nniuired deix'iids uix)ii the neces- 
sary number of lines of these two classes. For exiimi)le, if there 
are ten extension lines and two trunks nHiiiinnl, the switchboanl 
must have a capacity of 12 lines. Since telephone business grows, 
us a general thing, it is well to look to the future and provide a 
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switchboard with a capacity somewhat in excess of the actual 
requirements. This practice allows of this class of switchboanl 
being made in standard sizes, which are usually of 5, 10, 20, 40, 50 
and 100-line capacities. 

In design and construction these switchboanls are of two 
classes. Thoee in which the connections are matle by means of the 
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usual connecting cords, called cord hoards^ and those in which the 
connections are established by means of keys, called cordless hoards 
The 5 and 10-line brand are usually of the latter class, while those 
of larger capacities are of the former type, on account of the ex- 
cessive number of keys required were they constructed in this 
manner. The cord boards are of the tjrpe of the standard switch- 
board, but made of various sizes to meet the requirements of sub- 
scribers and with a view toward economy of space. 




In Fi^. 291) is pIiowu the circuit of a trunk lino tormiiifiting in 
a private brancli exchange board; and in Fig. 300 is shown the 
wiring of tlu* cord circuit and operator tek^phone set. 

Referring to Fig. 21)1), the trunk is sliown entering the oiBce at 
a. It is wired in the same manner as an ordinary subscribers' line 
in every particuhir, and in \\\v exchange is connected in the usual 
way to tlie pro])er subscriber multi[)le and answering jacks. At J 
is shown a small cross-conni^cting board, whicli is mounted in the 
rear of the private branch exchange switchboard. This cross-con- 
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necting board is coustmcUtl in a Bimilar manner to that shown in 
Fig. 172. It is equii^ix^d with two rows of lugs, as 1 and 2, and 3 
and 4. To the bottom row the wires from th(i outside are soldered 
while the line jacks, such as 5, are ix^rmanently wircxl to the other 
row, the circuits being complettnl by the cross-connecting wire 
shown by the broken lines. It will be sei^n that the circuit is the 
same as that of a subscriber line entering a standard switchboard. 

Referring to Fig. 300, it wull be seen that the cord circuit also 
is the same as that used on a standard switchboard. The ringing 
current generator is of the same tyiX3 as that us(hI on a subscriber 
telephone and is turned by hand. The transmitter battery is usu- 
ally made up of two Fuller cells. The switchboard is designed for a 
cai>acity of 10 pjiirs of cord circuits; but where the full capicity is 
not netnlc^, is only i>artially ecjuipixKl. In private branch exchanges 
where the business is so heavy that it would Ix^ inconvenient for 
the operator to ring with a hand generator, ringing current is sent 
from the exchange over s^x^cial conductors, and wired to the ringing 
keys of the private branch exchange switchboard. The extension 
lines are wired at the private branch switchboard end, as shown 
in Fig. 299. 

In Fig. 301 is shown a comph^te connection between the 
exchange, and an extension station at a private branch exchange. 
Here the multiple jacks in tlu^ exchange are shown at «, J, ^, and 
d; while the answx'ring jack is shown at e, the drop at /J and the 
busy-test and restoring battery at (/. The int(»rmediate distribut- 
ing board is seen at /t and the main distributing board at /*. The 
type of switchboard hen* shown is bridging, but might just as 
well Ix? series. Atj is shown the trunk to tin* private branch ex- 
change, and it will be srcn to be trrininatt d at the eonnc^cting 
board k. The jack is shown at /' and tlie drop at ///. T]v> exten- 
sion telephone is shown at n, and it will be seen that tlu* exten- 
sion line is wired to th(» connecting board /' as already described. 
The jack is shown at I and the drop at ///. The connection is 
shown comj^leted through tlic^ cord circuit. The connection at 
the exchange is put through in one of tlu^ many ways already 
described. 

A connection between two extension stations is shown in Fig. 
302, where it will be seen that tlu* conditions are idc^ntical to that 
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of a oonnection between two subscriber lines macle over a stand- 
ard switchboard. 

In the case of a connection as shown in Fig. 301, the clearing 
out is simnltaneous at the exchange and at the private branch. 
Both subscribers ringing oiT, throw the clearing out drops at the 
main exchange and also at the private branch. The operator at 
the private branch disconnects the extension line, while the oper- 
ator at the main exchange supervises and asks: *'Are yon 
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through?" The privat(» branch operator who is listening in says 
'* Yes," and clears tlie trunk. The connection is then ch»ar(Ml in 
th(» main exchange. 

One of the most approved tyix>s of cordless private branch 
exchange* boards is shown in Fig. 303. Here the lines are shown 
at 1, 2, 8, 4, and 5; they are wiretl to the middle contacts of the 
keys //, //\ //", //"^ and /i^^ resix^ctiv(»ly. These keys are con- 
struct(Kl on the same j^rincipli* as thc^ ringing k(»y, but are 
(»quipiK'd with cams which normally keep the middle springs 
away from both the inner and outer cont<icts. When they an* 
thrown one way, contact is made b< 'tween tht» inner ix^ints and 
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niiddlo springs; niul when thrown the opposite way, contact is 
made betwwn the middle and outer springs. The outer springs of 
these keys are bridgttl tf^ethcr as are the inner contacts, so that 
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by wiring the cams of a 
two linea wired to thcni ui 
inner or outer contacts. 
shown at «, 5, '.; d, and e 



ly two licys in thi' same direction the 

Li connecti-d tt^ether, either through the 

Bridged to eatrh linu is the line drop 

Tliey are of the same construction as 




those used as clearing out dioii^s, having a resistance of r»00 ohms, 
and b(;ing surrounded with iron shells to prevent cross-talk. Also 
bridge<l to each lini! is ii list('ning key /, /', /", /'", and /"■, all con- 
nected to the oi»L'rator telephone si>t i,t. 
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The method of oporating thia board ia as follows: Suppose ■ 
that the Bubscriber ou line No. 1 wishtis to bt connected to line No. 2. I 
The line is rung on and the drop a thrown. The operator throws ■ 
the listening key I and communicates with the calling party. To I 
moke the connectioQ, keys h and A'" are adjusted to make coutact 
on the outer contacts, and the circuit is established between the 
two. If while this connection is being niaintaiued, and additional 
connection is required between line No. 2And line No, 5, the keys A' 
b -and h'" are adjusted to make contact at the inner points, tlina 
I cutting the circuit through. Considering the number of keys re- 
quired, this type of board is not flexible, as only two connections 
I can be established at the one time. The advantagi?s, however, 
lie in the small amount of space o«x!upied by the boanl, and the 
ease with which it can be operated. 

In Fig. 30i ia bIiowii a (.[eneral view of this type of board 
The droiie and keys are nioimted in the face of a neat cabinet a. 
The droijs are shown at h. c. d, f. and/", the connecting keys at y, 
A, i, j, and /■, and the liatening keys at I, m, 7(, o, and p. The 
cabinet is designed to be mounted on a desk, and the wires are 
brought up through a hole in the bottom. The lid is hinged bo 
us to lift up and give access to the inside. 
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Tb« B[)irit of tiu' jin'scnt U] 
by the evfr-iiicivasiiiii dfinanii which 
IceenDcas of competition, is tniikiiii; ii{H) 
of labor-saving and tiine-savinjr iimdi 
higher tribute to the hri'ailth of tlic liiiti 
acter of the macbinerv ultich lias Infix i 
iiiBifitent call. Indeed, we aiv sliding 
rapidly into an antomnlii' iii^e. The 
work that once way dune Ijy hand, tlieri 
by hand'^iiided ni»chine)<, is now done 
by aiitojiiatit; dt-vUva. Scarcely a hirjic 
up-to-date factory but has in une or imire 
of its departments a liattery of aiitiniiatic 
machines Ini^ily engaged in tnruirig onl 
siicli tilings as Bcrews, Knltini^. tin carin, 
clotli. 8lioe3,ora thousand otlier varictiea 
of usefnl articles frcnn llie raw material. 
with surprising nii-cty anil tn'Miendons 
speed, reducing the cowt of nianiifactnrf 
to u ininiinnm ami M'iileniug the Held 
of sale. We have wondered at (lie in- 
genuity of tliciie macliines and luarveli-d 
at their cleverneWH, hut we have looked 
lipon their invenlion and intr(«lnetion aa 
to come, as only another ftej 
have waited for llieni, ami h; 
their siiccepsful advent. 

Few of us. h<.w..v.-r 
wiggling II switch Imok. 



is not U'tler tthuwn forili (hnii 
hieli indmitry, pressiil hy the 
; niMm geiiiim fur llie invention 



ntctlei't than theehar- 
.kI as the result of Ihiii 




■thing thai wa^i 
the logical order of thiTig; 
not, tlien'fori', lieeii siirpr 



wo have sC<hh1 
.iiirliiiglheer; 



and im|iatient1y wailing for tint' 
ns our conneclions, have ever go 
ceive the idea, lliat this gi'uiua v 



1-fore a telephone lio\. 
k of a liaml generator, 
tid the " llelh) girl'' to bring 
BO far iis lo ho|K'. or even con- 
had P(i long presided over the 
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central oftice, wonid ever be unseated and her place occupit-d hy au 
iron machine whose BytetMl and accuracy would diBcounl lier best 
perform ft nees. and yet that day ie here. The States are already 
dotted with aiitomalif telephone exclmiigea, which are giving serv- 
ice to [houBunds and thousands of Bnl>scril>ers, and with snch 
auccesa that il is not haHarding anything to predict that a few 




years 

changu room — except, of course, for long-distance calls, for which 

her Bervices will prolialily always be needed. 

Historical Retrospect. The application of the automatic idea 
to telephony Is not new. It is considerably more than a dwiide 
since Strowger, an ohecure Chicago engineer, brought out the first 
auloniatic telephone. The Strowger Automatic Telephone Coui- 
{lany and the installation oF a number of small exchanges resulted. 
These exchangeB were Bucceaaful, not so much in what tiey actually 
acconijiliahed in the way of improved service, as in the promise they 
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(lave of future develdjiinoiit in thiit direction. Tin- aprHiriiiiis wjis 
cTlldf , iiii]X:' rfect. and i-omjilcx; Imt tlio riinOuinoiitul idfas iiivi>Ivi'<l 
were right and retjuired only U-ttcr fxpri'ssion. 

Ten jeara passed, teti jearB of t'\|KTiTnciit and piTsistcnt 
effort. Strowger dit-d. Tlio Antomuiic Klivtric (Vinitiiinv wjis 
orpanizcd to tak^ over tlie Strowgi-r jiiitenta. l-urtiier e\|ieri- 
uienting waa done, arid greater ca{iital exjR-ndeil. The result has 
been a eyetem from wliieh tlie ini- 
perfectiona have l>een eliminated, 
a system which is scari;ely more 
complex than the ninnnal awiteli- 
boarda now in general use. Tht- 
limit of capaeity is no longer 
reached at l.(HIU stations. In fad. 
the biieinesa of the very largest 
tuty can be liaudled as ettieiently 
and conveniently as that of a town 
which reqnirea hut ii hundred tele- 
phones. In Chicago to-day an au- 
toniativ exchange of 10.0(10 sta- 
tions is already in ojH'rHtiou, and 
others will be added as oc-easion 
demands, the ultimate purpose wnii nvi.i.ii<.ii.v 

being to handle the liusinesa uE sii.m-iiin m.'ih.ki ..(<n>iTi.iiiin 111..1 
the entire city. 

The Automatic Mechanism, X stiulyof theaniiiiralus wliieh 
has made all this [wssiMe, will, no doulu, lie inlerentiug and in- 
structive, nie telephone itself reaenililes, iu maiLy partii'ulars, 
the manually operate<l ti-lephiines with wliieli we are so faniilinr. 
It consists of the usual transmitter, receiver, Ih-IIs, tiattery, and 
induction coil, adding oidy a calling dial, a eireular metal jiieee, 
on the perijihery of which are ten linger holes numhered l-i-il-l. 
5-H-7-8-9-0, A stop is provided at the lower of the holes to limit 
the distance which the dial may he made to revolve. 

How a Call is Made. Tlie metluKl of calling ia very simple. 
To secure a iiuuiIht, say 7(>1, the sul>scril)er first takes the receiver 
from the hook; then placing liis finger in hole numln'r 7, pulls the 
dial around to the stop ahove mentioned. When reK'a.'ied, the dial 
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is iiistanlnnfoiiBly tustored to its iiornml poBition. The subscriber 
is now i-oniiwUxI to a trunk line leading to tLe aevtintli gronji of 



so-cuIIlm:] "connector" awitcliea, 
liiiniiretlth" group. In tlie aain 
Having lunit-ri tin- 




t)jat, when tite call is made, no i 



which we may call tho ' 
manner he calls 6 and 1 in this 

Ikt desired, he presses a Itntion 
underneath the dial, whit-h 
rings tile hell of Urn j»-fs..tj 
wanted, and the vonnectiiiri is 
i-niiipletfd. In the event ih.-il 
llie 'phone of the enhseriln-r 
called is bnsy at the time of 
the call, a vibratory eonnd in 
the receiver of the caller noli - 
lies him that such is the case. 
The keyboard or internal 
mechanism of the telephone, 
occupies a space 5x3x~ in- 
ches, and conBiBtfl of an iiri- 
pnlse-aendi][g mechanism, 
which, in response to the ro- 
tations of the dial, commiini. 
cates to the sulJBcriber's switch 
a number of impiiUes corre- 
spondingto the nuinlierof tlie 
hole in which the finger ia 
placed, lifting the shaft which 
occupies the central position 
of the switch, up to the proper 
row of contacts, and bringing 
the "wiping fingers "fastened 
ilniito, into connection with 
llic|iropercontat^t in that row. 
It should be understood 

pulses are sent over the Una on 



the down movement of the dial, but on the return. This is arranged 
for the protection of the instrninent against careless or hasty snb- 
scrihers. The return of the dial is regulated by a governor which 
always insures pro[ier speed. 
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The CH]ling intHrliBiiisin may he said to hu perfwc. It Is bIiii- 

plc. mid works with remarkable acL'iiracy, epeed, and precieion. 
The Switch. The Bwitch, ehowii in the act'oiiipaiijirif^ il 

tratioiis. IB a device about 13 iuches in lii-iybt, i\ iiji.'hf6 in dejjlh, 

and 4 inches in breadth. Tlie m\i 
\ of two relays and three pairs of 

magnets inonnted on a subd uasl 

metal base. These relaj-s and 
I mugnete, together with th<- 
I proper springs, wires, etc.oper 
a vertical rod in the center, in 
I obedience to tho impulseB aent 

from the siib8t;i*il>er'8 telephone, 

and bring the three pairs oT 

"wiping fingers" attached there 

to, intoconnt'Ction with the brass 
I contacts, which, arranged in three 
I Bemicircnlar banks, constitute 
I the lower half of the switch. 

The upper of these banka. 

tnowu as the -'busy bank", 
L serves to indicate busy lines in 
[the automatic selection of 
[trunks. Tlielowertwoare "line l 
I banks", to which the line wires | 
* connect, and over which the cu 

versation is held. 

Two classes 'of switches are 

BHiployed. one known as "select- I 
Lors ", of which there is one for I 
larery telephone connected with 
f'&e exchange, and the other as 

"connectors' , of which there are g^^ ^.^^^ 

Cten for every hundred aelectora 

land which are in groujB each capable of connecting one hundred 
I' telephones. The function of the selector is to connect the calling 
ptelephone with the connector in the proper gronp, which in torn 
[ connects with the telephone desired in that group. This is the 




Al'TOMATIC TELEPHONY 



case in t;xc1ian}j;es of one thtiiisiiii<i capacity or 1»ss. In larirtr 
oxc-hangee a eectimJ (rollwtor ie tiiiiployed. This is an intermediate 
awitfli, !iin] diviilea llie work of selection with the first sylector. 

Trunk-5e]ecting System. Tlie trunking system employed is 
very much akin to that now generally used in manual practice and, 
therefore, neeils no description here. It may be said, however, that 
tlie selc<tioii nf trunks is automatically accomplished, the "wiping 
fingers " on the shaft of the selector 
switcln»asBing over all husy contacts 
and stopping at the first idle point. 
Accessories. The accessorial 
e(|inpnient consists of a 52-volt 
storage battery, which furnishes 
the current for operating the 
switches; a cross -connecting lioani 
or distributing rack, equippwi with 
carbon lightning arresters and beat 
protectors; a ringing machine willi 
"bnsy back" and "howler" at- 
tachment; charging machines; pow- 
er board, on which are mounted the 
usnal knife awitclies, ci rcu it-break - 
luiirriucoi Willi 'rciriiiiouD '"'^' ^"1 ti'iBt^rB, ammeters, etc., 

necessary for controlling and meas- 
uring the current; and a "tell-tale" board. 

This last consists of a nninber of 8- candle- jjower lampa 
mounted on a marble panel, together with a niapneto bell. In 
case of a short circuit or " gronnd " on any line, the bell rings and 
the lamp on the ]ianel glows. The position of this lamp instantly 
indicates to the attendant the exact location of the trouble, and 
oft-times enables him to rectify it before the subscriber ia aware 
that there has been any trouble. 

The automatic switches are monntwi on steel shelves, twenty, 
five to the shelf, each board containing four shelves of first selectors, 
and one slielf of connector switches. This is the arrangement for 
a system of 1.000 stations. In a lO.OOl)- station system, the board 
is made up of six shelves, four of first selectors, one of second 
selectors, and one of connector switches. The floor space occupied 
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8witclit>oard is made of Bk-ul angles and is rigidly braced. ^^^| 
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exchange operation la elimlnuteil. 
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needed, no lockers, uo lavHlories; :in<l 




thetroBtof ruelandligliIlngisreilLi.,.,1. 
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wire" on which to transmit his com- 
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munloatlou— auiadvaulaBethalcauiiut m»ii. t i^nh ub swiioh ^^^1 
be overestimated by the Reneral busi- ^^^^ y,^^ ^^H 


nesH man, bb well as by the bmker, ^^^H 


the lawyer, and the phj-slclan. ^^^H 


a. Thettuliscrilierhiiiieii'iritistantnneinisly coniiwtc wiili I he person ^^^H 


lie wishes to call; and the apparatus is so constructed that 11 )» an liiipuB. ^^^M 
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T. nie fre<iiiuiil ctduyo uiid nii»takeB whtcli the iiiariuai buanl 
tftUBM an Mittrcly iinkiinwn lu iigeix of autuiiialiu telepliuiiee. The 
HwituheH du tiot make eiruni uur goe^lfi; Arc never weary or 8lee]>y; are 
not liitenHtett In BiihiHTllierM' ufralrs; and are nut iiupuileiit. 

8. Thp nmiplexity of the nutumatic exch&nf^ lioea not hicrca^e 
pmiomiuiiKieiy i» the Ini-'ceaai; of eize, as is the caae with tuauual ex- 
OhaiigCH, where the w»t of kIvIii^ eervice in niueh more per euhBcrllier fti 
larj^ than In hiiikII exchange. The cotit of operatinu In the aiituiiiatlo 
exchuiige la llxed. An litcTenBU )b merely a nialtiT of adding I't^w tule- 
{ihonex Httd ewtlnhuK, tint uost of operation hehig the Hame per rMhMsrllter. 

9. The automiitia Kwltch Ih thurnu^hly cuBnmpuliluu hi Uh unturir, 
no hileqireter hetiiK needeil hy Die fureli^ier hi a munlry where the nuto- 
lliaticcxchiin|;eleloiwteil,iiny per«on Iwhig al>le h)ec<;urelhpdei>iir«<l cou- 
neoUun by Hhuple rutatlunM of the dial. 

It), 'llie Maine nuuihor of uutoiuutie hvvili'ben ure idwnj'a u\ work. 
Dlglit and day. 

II. Uulck uuDuectinue', hmtniitHneimii atwomiuiMlHtioiix, prompt 
annwitrB, HM^iinuiy, and promptncwi, with the busy «lgtial idveu when 
the auhnci1t>er called Is biuy. 
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The transmission of intelligence by elin^trioity has nvu*htHl, in 
its broadest sense, its final stage of development. 

Intercommnnication by means of an elivtrioal disturlvuuv st^t 
np for the purpose of pro|)agating energy n^pn^senting the alpha< 
betic code or articulate speech, may bt» dividinl into four g^Miend 




Fiff. 1. 

classes, namely, telegraphy icith inres^ tclvphony krith krii^a^ 
telegraphy without wires, and telephony wit/toftt irim*. 

These principal classes may, it is evident, again Iv suUlivitltHl 
into many branches, but there can ho no further evolution in the 
arts of sending and receiving messagt^s by electrical nu^tluxls, wht^ix^ 
instruments are interposed Ix^tween those who an* \o Ih» brmigin 
into mental relationship with one another. 








Fig. 2. 

This is not to say that each of tlie foreiianuHl systiMiis appn^xi- 
mate in their present state anything like iK»rfe(»tic)n, for all are nion* 
or less crude in practice if not in theory, but any inipnnenients 
that may be made in the future must be in degree and not in kind. 
Hence the raison (Tetre for the nimierous arrangements for win*, 
and when wireless telc^grai^hy made its six»ctacular d^but a few 
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years ago, to the casual observer there seemed no good and valid 
reason why speech propagation and reception without wires were 
not already at hand, but to the investigator it was soon revealed 
that history was repeating itself and that wireless telegraphy and 
telephony were as different in all their phases as were their pre- 
decessors which utilized the connecting wire. A brief analysis of 
these differences that mark so clearly the dividing line between the 
four great classes enumerateil, will assist materially in an under- 
standing of the final principles of wireless telephony. 





Pig. 3. 

When Morse took up the study of telegraphy a working knowl- 
edge of the laws of electricity had not as yet been very accurately 
deduced. Induced and alternating currents had been explained by 
Henry and Faraday, but their usefulness remained to be indicated. 
It was well known, howovor, that a direct current traversing a wire 
was caiJciblc of eiiorgizing an i*loctromagnet, and from this -fact 
Morse eonc(MV(Ml the idea of the relay— the device that made 
tcli'i^rapliy a coinniorcial factor. 

Altlioiigli iK'arly half a century elapsed bc^fore Bell made his 
sncccssfnl essay to produce a si^eaking telephone, electricity had not 
made as niiicli pr()fj:r(*ss as niiglit have been expected; Reis had 
atteni|)ted to construct a ti'lephone by utilizing a rapidly inter- 
mittent (Mirrent, and these futile trials led Bell to believe that such 
a method was impractical: ex],XTimenting with steel reeils vibrating 
over magmas he ])roduced currents of varying strengths, termed 
undulatory currents, in virtui^of their wave-like characteristics, and 
this formed the ])asic princi])l(» of tht» telephone. 

in Marconi's wireless telegrai)hy any kind of a low-voltago 
currcMit may be transf( »rmed into one of high ix)tential and freciuency, 
but the oscillations of such a transmitter (^nit th(^ir energy in the 
form of a train of waves with long intervals of time between them, 
and these are not, therefore, at all adapted to the transmission of 
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voice tmdiUatiotis. Ther^ are seTPral methods irhen>by artirulute 
speech may be transformed into electric current waves which may, 
in tnm, be proijagaled through the ether of the air, earth, or water, 
Tht^JJrst of these metlioils consists of a battery and a telephone 
transmitter connecte<] in seriee. with the lenninals which are embed- 
ded in the earth or immersed in the w;iter, thus forming a circuit; 
when the imdulator>- currout flow's through it, the hii^er portion of 
the energy is dissipated, flowing out in cnn'fd stream lines, owing 
to the great cross-section of the earth, and extending to consider- 




able distances. Kow if a complementary equipment consisting of 
a telephone receiver is likewise in contact with the earth by having 
its terminals similarly grounded, when the energy impinges upon 
these the current then flows through the receiver and speech may 
be accurately reproduced. 

A second method, ideal in its simplicity, is accomijlished by 
electromagnetic induction; everyone knows tliat when a current 
flows through the primary of au induction coil alternating currents 
are set Up in the secondary coil by what is called induction, but 
everyone does not know that these coils may Ijo widely separate*! 
Eore th« limits of the inductive influence will be reached. If. for 
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iustiuice, n tt-lopborie trail smittor luid a source of electromotive 

forc« npproximfktiii^ 25 volts htv iiic-lmUtl in the circuit of a coil of 

wire baviug, suy, 25 ttinis itiiil a tUaaieter of 5 feet, and a telephone 

ri«eiver IB included in a coil i)f 

wirehaviugGO turuaanda diaui- 

cttT of 3 feet, words spoken into 

tile transmitter may be distinctly 

heard in the receiver when the 

two iustnmieuts are seiHiratii^l a 

distance of 100 feet, providing. 

of course, that the coils havt- 

their planes parallel with each 

other. This is the inductivity 

method and like the one pre^n- 

ously described, it is operated by 

a low-voltage direct current. 

The invention of the tele- 
phone receiver Iwi to many inter- 
esting experiments and to many 
curious disroveries. Belt in 
working with his new teluphonf 
devised an apparatus for tulu- 
phoning on a beam of light. 
This instrument, which he 
named the radiophone, also in- 
rolved the use of seli>nium, a 
substance that possesses the 
very remarkable property of 
varying in its electrical resist- 
ivity and its reciprocal when 
fused in between two connect- 
ing wires of platinum or fiilver. 

This apparatus is shown in 
the diagram. Fig. 1; the trans- 
mitter used by Bell was not electri<^al, for the transmitter as we 
know it had not been invented; it comprieed the mouthpiece 1 and 
shell 2 for supporting a thin metal diaphragm 3; to the latter was 
attached a small concave mirror 4, a plane mirror 5, convex con- 
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^^^^P (1<-imtng It'ns 0, nml iiroj<^<-lingttin8 7. all of wbirh.snitablyiiionii 

^^^B oil a frami-, coniplctcil tht- uitimmtiiB fi>r triuii^foniiirig thu 

^^^1 vittniticHiK jiruduottl by thi^ \o\qv. into li^lit viiriations of the pro- 

^^^H ji-oU\l bi-iiiti, 

^^^H- The n'cei\'i'r wits fomiLxl of u parabolic mirror a of lorgBj 

^^^H iliiiuiotiT iinil iu tht> focoa of this a selenium cell '.* was mljnsUidj 

^ fh, 
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^V Oy" Oy- Oy- 



thi-' ti-rminnls of tin- oouiluctiiig win^s or cli-ctrotlL-B of the ci-U lad 
tbrougli iiutuIiiUtl busliiiiys iu tbo rt'flwtor to tlic back whoro tl 
wvre eoiiupctt'd in stTit-B vritli n bjitttrj- 10 mid u tL'It?pho(ns n-ceiVQ( 
11, Wiicn in opiTutiop tin.- BwciTssivc transtonti fit ions Uikv plod* 
iu tbt' following manner — the light from tlio isun is rudecttsl by tliB 
pliiin' mirror 5 to the (Tomli'iisiiig Ions fi whero its niya art- focused, 
on ihL' coiiruvF.' mirror 4. From the latti^r llu- light is reflected to 
ihf Imis 7 whiTf- it is propngntixl through thi- iutfrvi-niiig Bpoco to 
the largu parabolic n-flcctor 8, wHlti? its <lifrnK(,<d waves aro ool- 
leotwl Willi eoiicentmtttl to a ppueil point on th<* ai-leiiinm oell U. It 
is fviilriil thill iiiiy I'hjiDgi's In the iiitcn«ity (if tin- liglil will chuiigi.- 



tht' ri'sisUiiice of the scloniuni cell, varying in consetiumice the 
current from the battery 10 and finally affect the telephone 11. 

When ivonlfi are s^Kikeii into the transmitter this is precisely 
what tiikes place, for the movements of the diaphrjigm of the trans- 
mitter cause the conciive mirror to vibrate in unison with it and 
every chiinge is thus indicati-d at the receiving end in virtoe of 
these fiuttuation'5. While the distanw? to which Bell was able 
to projNi^^ate the light variations repri'senting the human voice was 
probably less than one hundred feet, n'wnt iniproveuients in the 
system by Herr Ernest Ruhnier have resuIt<Kl in the transmission 
of S])eeeh a distimce cf several miles. 

TIiIh was made i«ssible through the reaiarkabie advance of 
electro-physics during the past few years. Prof. H. T. Bimon 
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as<vrUiiii<Hl thiit iin ordinary nrc light oniilil bi- iiiadi- to rc|)ro(hin' 
articnlatti spt'och ihor- clearly iiiul disliiK'tly than any phonograph 
by supiTiiniiosiiig a fct-blo altematiuf< curri'ut nix>n a hi'a\y direct 
ciirrent. Tho diiigram. Fig. 2, illustratee one form of the mt'thod by 
which this may b<' accomplished. 

An ordinarj' teicphoiu' transmitter 1 and battery 2 are con- 
nect«l in series with the primary of a small induction coil 3; the 
si^condary coil 4 leads through the condensers 5, 5 to thi' oijposite 
carbons fi. t], forming the electrodes for the arc light 7; the hitt*'r 
is producid by a direct 50-voltcnrrent from a generator 8 or, what is 
yut better, a storage batti-ry. When the speaking arc or arcophoue 




is oijerattnl, the voiei' causes tlie air waves to vary the nsistanci! 
of the tmnsmitter 1 in the iisnal nianwr; the current from the liat- 
tery 2, thus varied. eriei^^izcH the primary coil '.i. setting up alter- 
nating currents in the secondary coil ■]; llie condensers 5, 5 pro- 
duce no api>n'ciable etTect oti the wave form of tlie eiirn'Ut which is 
6nijeriniiK)se<l uimn tlie current from the giMierator flowing through 
th(! circuit fornicdof the carl)ons (>, (1; arc light 7, and genc-rator 8. 
The object of the condensers, however, is to prevent the direct 
current from backing up into the transmitter and burning it out. 
The siiperimixised currents, however feeble, vary the resistance of 
tho arc, and this proiluces n change in its tem|)eratun' wlii<;h gives 
rise in turn to sontid waves. Another imixirtant function of the 
8lK>aking ar<- is tliat lliere is also a variation of the intensity of (he 
light which it emits. 
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It is this by-product, as it were, of the speaking arc that Rah- 
mer employed in his photo-electric telephone which, in all other 
respects, is based upon the original Bell photophone. InEuhmer's 
system the speaking arc is placed in the focus of a parabolic 
refiector whence its rays are directed to the distant receiver, and 
when the two are in perfect alignment the voice into the one will 
be distinctly audible in the other. The nrrangcnient then takes the 
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form shown schematically iu Fig. 'A, and with the description of the 
sjieaking arc and the selenium cell that have gone bi^forc, its action 
will be readily aiiimrcnt. Figs. 4, 5, and (> are photographs of the 
Euhmer apjwiratus. 

The writer. A, Fri'derick Collins, in endeavoring to bring about 
the advent of a commercial wireless telephone that would not be 
interfered with by fogs or other conditions and would not reqiiire 
either alignment or a direct visual line, investigated tlie several 
schemes of dispersion, inductivity, and electromagnetic wave meth- 
ods. The latter is the most interesting since it imrtakes of tho 
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nfltorc of the wireless tulcgmph iis wdl iis of the wiro telephone. 
yet it will do that which is not possible with eithur of the Intter, 
i.e., it will traiisaiit articiiluto »))ei'('h wirelessly, 

In tho beginning of this article it was jiointeil ont that fleetrio 
WHYua, when eniitlt-d by a high frequency and potential oscilliition 
equaliatl through u spiirk gap, were periodic as indicated in the 
dingrani, Fig. 7, the current atn-ngih decreasing in geomutrin pro- 
gression like thu vibmtions of n Btruight sttvl spring. In wireless 
' telephony an undiilatory oscillation is n-qnired, and this may \>i- 
obtained by loading the ratliuting circuit with large inductanws 
and capacilies whose ooeffi^ieiita ijossess the projK'rtiea of slowintf 
down ejieh oseiUation until a more or less [X'rfect sine wave reealts 
as indicated in Fig. M. 

When this jioiiit is nwliisl the striking eifwt of the oscitlatory 
diacharg*' on the ether is greatly weakeneil, but at short disUineei. 
the telephone will reK))ond iiiidibly without the usual coherer int*>r. 
VL-ning; some of thu most recent work tiy the writer tiioufih. bus 
slxmii that a lii|ul<l dt^teclor, uitule by iuiiiierstiig u platinum i>oiiil 
tind a platimun plate in an ulkaliiie solution, inereascs tho volume 
of sound to an appreci«ble extent. 

The first series of U-'stii with Ihis tyix- of apiiaratus was made 
at Rockland Lake, N, Y., a distance of a mile, while articulate 
sptK'ch has been tmnsmitti-d and rec<?ive<] under very favorable 
conditions a distance of three miles and a half. Tests were also 
carried ont between the ferry boats John fi. McCullougli and 
Riilgewood, plying between New York and -fersey City. 

Its final adoption will prevent collisions of vessels in Iiarliors, 
while telephone communication between docks and vessels will 
facilitate transi^rtation, saving time and money an well as insuring 
the flftfety of the iwissengers and crews. It is another step in the 
march of human progress. 
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PRACTK^VL TEST (QUESTIONS. 

In tho fon»^(iin{if sections of this Cyclop<Hiia 
numerous illustrative examples are worked out in 
detail in order to show the application of the various 
methods and principles. Accompanying these are 
examples for practice which will aid tho reader in 
tixinj; the princii)les in mind. 

In the following pajjes are given a large number 
of test questions and problems which alford a valu- 
able moans of testing tho reader's knowledge of the 
subjects treated. They will bo found exccllt;nt prai- 
tice for those preparing for College, Civil S<*rvice, 
or Engineer's License. In some cases numerical 
answers are given as a further aid in this work. 
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REVIEW QUESTIONS 

O M T H B n CT II J K C T OK 

TEI.EPllOX Y. 

PART I. 



1. What is the Inust feature in an induction coil, clearness 
or intensity ? 

2. Describe the nature of the alternatincr current. 

3. Describe by means of a diajrrani the action of a Bell 
telephone. 

4. Draw the circuit of a bri<lirin«T telephone. 

5 a. Why cannot the transmitter be used directly on the line? 
Explain fully. 

b. How did Edison overcome the difficulty i 

6. For commercial purposes what law does the lluct nation of 
current follow ? 

7. What are the actions that take place when sound is trans- 
mitted by thiJ electric teU*j)hone ? 

8. What is a simple vibration? Complete vilmitioni' Ampli- 
tude ? 

9. Draw the circuit of a telephone line eijuipped with four 
bridging instruments, and describe fully the methcKl of operation. 

10. What should be the shape and resistance of the coils of 
a receiver ? 

11. In an induction coil 10 cm in lenMh containincj 50 turns 
of wire in the primary winding, how many lines of force would be 
produced by jwssing a current of .2 ampere if /jl.--*U). 

12a. What limits the distance over which sound can ho trans- 
mitted by the Bell telephone ? 

b. What instrument was devised to increase this limit, and 
upon what principle did it work ? 

13. What is the resistance of a series bell ? 
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14. DuHcrltM; tlic "chloride" etorsge b&ttery. 

15. Sketch and deecrilw buiiih form of transniitter. 
If), i-'or U.-lo]>hoiu- piirfKieee what is the best coostractioD foe 

an inductioti coil and why? 

17. Which would ^iw tho beat rwsults. n Irnnsinilter whoaci 
Tvstataiic^ varifid from 10 to 5 ohniB, working on a tram 
cinruit of a nwistanvf of lOohxiD; or thec^tnt^^ working oo ncireuil 
of 100 otimB, the uurri'nt in both caBUH being fiirntebed by two 
Fuller tiattcri^K? <iiv<> coiri|iKnitivp figures. 

IS. What is lUfHiit by ina^^nelic lag and hnv dot-a it affoot 
An induction coil i 



10. 
20. 
21. 



23. 



GivH-wiring diagrams of t«lephoni\ 

What is iiiwinl by Pitch '( iTitcnsity ( Character? 

Draw the circuit of a scrit'S tolophone, 

Dci^crilK! the aiiti>itiatic shunt, and antoniatic circuit 

i givf> thi' reasons for their use. 

What is gained by having the permanent field stronger 
than tliat prodnced by the induced currents in the coil ? 

24. Discuss tbu relative merits of the Gravity, Fullei^ 
Leclanchu and dry batteries, for u:ic with t ran emitters. 
2o. Wbitt is int-aiit by j.acking'f 

26. What is the resistance of a bridging bell i 

27. Sketch and describe the Edison transmitter. 

2H. How does the local action announce itself at the receiv- 
ing end ? 

2'.(. What limits the size of the diaphragm of a receiver t 

30. In the C'ity of New ^'ork, assnming that 15 per cent of 
the calls sent by the telephones are for long distance points, what 
form of cell should be used on the transmitter batteries ? Why J 

iJl, When and where should Gravity batteries be used ? 

32. On a line 500 feet long, equipped with a telephone at 
each end, what tyjK' of cell should t)e nse<l on the transmitters ? 

33. What should 1>e the thickness of the diaphragm of a 
receiver ? 

3-t. When should Leclanehe batteries he useo on transmitter 
circuits ? 

35. Ueseribe the styles of hook switch used in connection 
with the Aiuericau BellTelejihoiieCo's. bridging and series bell. 
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1. Draw the (liagrain of a pole showing the typical equi|>- 
ment. 

2. How are telephones chissified? 

3. How should poles he gnyed in passing through hilly 
country ? 

4. What is meant hy distrihution? 

5. Of what material are insulators made? 

6. Draw a standard pin, for stiindard and terinin:il cross- 
arm. Also draw a transposition pin, for standard and terminal 
cross-arm. 

7. What is a terminal cross-arm? Give drawing. 

8. Di-aw a stiindard pole. 

9. Describe fully the method of stringing wires. 

10. What is a Mclntire sleeve? 

11. Give a table of allowable sag. 

12. Describe in detail the metliod of setting a pole. 

13. Is a pole ever placed in tlie center of a stream ? If so, 
when ? 

14. What is a cable line, when should it be used, and what 
are the advantages it possesses? 

15. Describe fully the method of placing cross-arms, giving 
diagrams. 

10. Discuss fully the relative merits of inm, copper, and 
aluminum for use in the manufacture of telephone wire. 

17. What is meant by an open-wire line? 

18. What is the reason for creosotinij wood? 

19. Discuss fully the subject of pole littings, giving diar 
grams. 
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20. What precaution must be taken crossing a river? 

21. What is a Western-Union splice? 

22. How are 'calls between two towns best handled P 

28. What points must be observed in the construction of a 
telephone line? 

24. Describe fully the method of fastening cross-arms. 

25. What is meant by back-g^ying, side-guying, and head- 
guying? 

26. In going through hilly country, how should the line be 
graded? . 

27. What is the difference between subscriber lines, trunk 
lines, and toll lines? 

28. Why is it not possible to connect all telephones in a 
district to one line ? Explain fully. 

29. What is the minimum allowable height of the lowest 
wire above the ground? 

80. What kind of wood has superseded cedar,' and why is it 
used? 

81. What kind of a splice is used in line construction? 
Describe fully. 

32. How should guying \ye done when the pole is equipped ' 
with two or more arms ? 

33. Discuss fully the nu^thod of calculating the area of a 
wire section in circular mils. 

34. When are back braces used, and how are they placed? 

35. Describe fully the method employed in crossing roads. 
3G. Describe fully the manufacture of a standard cross-arm. 

Give drawing. 

37. What advantage is gained by placing the guy stub near 
the foot of the pole? Explain this point fully. 

38. What is meant by an exchange, and how is it used? 

39. Draw a standard insulator and a transposition insulator. 
Describe fully. 
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1. Explain the process of transposing the lines of a tele- 
phone circuit. 

2. What is a drip loop, and what is its purpose? 

3. What precautions should ho taken in climbing a pole? 

4. Describe the action of a come-along. 

5. What is a chipping knife? Describe its use with 
sketch if necessary. 

6. How does the 4a type of main distributing frame differ 
from the 4b type ? 

7. About how far apart should the manholes be in a 
subway ? 

8. Why does transpasincf reduce ci oss-talk ? 

9. Into what two classes may rubber-insulated cables be 
divided? 

10. Describe the most approved method of stringing cable. 

11. Describe the so-called pump-log type of duct. 

12. What is a spinning jenny, and why is it going out of 
use? 

13. Without referring to the text make a sketch of a 
scheme for transposition. 

14. What do you consider a good method of fastening a 
rope to the end of a cable which is to be drawn in ? 

15. What are test points, and how frequently should they 
be placed on a line ? 
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16. How would you tell when jjamifiDe is at the proper 
Itnipeinture ? 

17. What is a jiicli? 

18. Describe a inethoil of numbeiiiig tiie conductoi s enter- 
iiig an exchange, 

18. Why paiinot n Kuliwiiy 'w cniilinuouB from start to 
fiuisli ? 

20. WliiU is 11 manhole? Describe with sketch. 

21. Whiit do yim iiiidersUiiid by ii cable box? Dwtirribe its 
couBtruction, 

2-. Describe with sketcrh the method of drawing iu cables. 

23. What ia meant by cross-talk? 

24. What means have been devised for supporting the 
luesHungcr wire of an atrial cable? 

25. Deaeribc witb sketch the effect of eleetrostiUic induc- 
tion on a telephone wire of a. neighboring wire caiTyiug an altei-- 
nating current. 

20. Which do you consider to be the cause of cross-talk, 
electi-ostatie or eleetroaiagnette inihmtion? 

27. In making a wiped joint what procaiiliona should Iw 
tiken? 

28. Describe fully the effect of magnetic induction of a 
wire carrying an alternating current upon a neighboring tele- 
phone wire. 

29. How did the Chinnock and Law systems differ? 

30. What are tlie advantage.s and disadvantages of under- 
ground cable Im&s? 

31 . Whnt is meant by a pot he.id? 

32. \Vh;it is the usual construction of a submarine cable? 

33. Describe with sketch the wiring of a test pole. 

34. Ill laying underground cables, why was it necessary to 
draw them into some form of duct? 

85. De.scribe the mandrel used in laying ducts for undei^ 
ground cable work. 

3G. IJow dot's a clearing-out drop differ from a line drop? 
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1 What is lui^unt by n full imiltipK' switchboard ? 

2. Why \vt»re priiimry hatterii'S superseded by storage bat- 
teries i 

* 

8. How are calls handled in a standard board i 

4. What is the standard jMJtential for the common battery 

system i 

J3. W^hat are strippintr trunks and how are they used t 

<>. In the manufacture of switchboard cables, how are the 

wires diatintjuished 'i 

7. What is the use of a self-restorinir drop^ 

8. Of what two classes are multiple switchboards i 
1>. Draw and describe the operator's cord circuit. 

10. What is meant by a disconnect sio;nal i 

11. How is a cable formed i 

12. What is a multiple switchboard i 

13. What kind of a drop is used on a bridirini^ board and 
how is it wired i 

14. What are circuit trunks { 

lo. What points should be observed in solderinir wiifs i 

10. Draw and describe the most advanci'il type of trunk 

between bridt/int^ boards. 

17. What is the use of the condenser in tlit* subseribrr trie- 
phone '^ 

18. What are the two types of switchl>oards i 
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What are ring.tlown truiiki)!' 
2n. Wliiit iH iiH-Hiit by tlie i-oiriinon buttery syHtom ! 
21. What U a siamlarci Bwilchlioard ! 

2-. Wliiit p»t'i- of H|>ptrutii» WHB bruiif^bt out in cuDtiecli 
Willi tl.^ l.ri(!t;iiig bcwrd ( 

23. What two types of power appantns are used id a tde- 
phone exchange I 

24. What is gained by the use of the common battery system I 
28. What is a anbdivided mnltiple board and what adrantagse 

does it possess ? 

26. How does the operator make nse of the bnsy test ! 

27. What are the requisites of a charging dynaniotorl 

28. What is gained by using circuit tronka 1 

29. How wag tranBmiasion carried on with the Stone ayatam? 
Describe fully the method of tmnking between standard 
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What ia meant by a busy test, and what is the neoessi^ 



RKVIKW QUESTIONS 

OT<r fTHB niTBJBOT OF 
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PART V. 



1. Wliat two types of circuit Lave been devised to overcome 
the click beard in the ear when the operator answers a call ? 

2. Wliy are outgoing local trunks and toll trunks multiplied 
every five panels in the toll board ? Explain the point fully. 

3. What three classes of boards are used in a long-distance 
oflSce? 

4. What is meant by shunting out a lamp ? 

5. What are the duties of the recording operator ? 

6. Describe fully the method of handling a call between two 
subscribers whose lines are in the same exchange both with the 
magneto and with the common battery system. 

7. What are the duties of a supervisor ? 

8. Describe fully the method of handling a call with the 
common battery system. 

9. What two purposes are toll boards used for 'i 

10. What is meant by operating? 

11. llow many kinds of service do telephone companies give 
and what are they '( 

12. What three classes of calls are handled in a long-distance 
exchange ? 

13. Describe the method followed in putting a call through 
the recording board. 

14. Draw and describe fully a trunk from a magneto to a 
common battery ofiice. 
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REVIEW QUESTIONS 

01>7 TBK SUBJKOT OV 

TELEPHONY. 

PART VI. 



1. What did Pupin's discovery consist of ? 

2. What general plan is followed by the wire chief in 
making tests ? 

3. How do the subscribers call the o{)erator ? 

4. What two forces of men are occupied in the work of 
cable maintenance ? 

5. If the wire chief should receive a report that the operator 
could not ring a subscriber, but that conversation could be carrietl 
on over the line, what kind of trouble would he expect to find, 
and how would he make his test ? 

6. What analogy exists between ilup transmission of wave 
motion over a cord, and the transmission of electrical wave motion 
over a conductor ? 

7. In regard to a private branch exchange what is meant 
by a trunk ? 

8. What are the Murray and Varley loop tests and when 
are they used ? 

9. What is meant by the term " })arty line " ? 

10. How are load coils connected to a line ? 

11. How can you determine with the voltmeter, the presence 
of a ground ? 

12. Descril>e in detail the nature of the tests used by the 
galvanometer man in determining the capacity and insulation 
resistance of a cable. 

13. What is meant by "load coils " ? 

14. What two types of private branch exchange switchboards 
are there ? 
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16. What ia the beat type of galvHnoin<?ti^r for tku uae of the J 
galnoimieter nuu t 

19. How are heat coib tested ! 

17. Define capacity reaction, indaotanoe reaction, and ra- 
BiataDce reaction. 

18. What points limit the number of iiiBtrameBta that can be 
laoMssfnlly operated on (we line ! 

19. How does the galranometer man proceed in locating 
tnmblel 

20. What three reactiooB are aet ap in a circuit over which 
an alternating current ia flowing ( 

21. How ia a groond in the mnltiple located ( 

, 22. What doea the work of the galvaoometer man conaist of 1 
28. Suppose that a kite tail fell acrosa the two conductors of 

an open-wire tine, on a toggj day, what would be the nature of the 

trouble caused 1 Give reasons for your decision. 

24. How is a cross detected and how is it located I Describe 

fally the method of testing. 

26. What is a private branch exchange t 

36. Describe in detail the method of locating an open. 
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Tran sformers w.En« „.™ro.m". lor .11 te,u»=i« .nd .oi,.s.. 

can be depended upon for all classes 01 work and 

under all conditions of service. Bulletin No. 65. 
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65 H. P. respectively. Bulletin No. 34. 
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THE FOLLOWING PAGES ARE TAKEN FROM THE BUL- 
LETIN OF THE AMERICAN SCHOOL OF CORRESPONDENCE 
AT ARMOUR INSTITUTE OF TECHNOLOGY, CHICAGO. 

OTHER COURSES OFFERED ARE ARCHITECTURE; 
CIVIL, MECHANICAL, STATIONARY, LOCOMOTIVE AND 
MARINE engineering: HEATING, VENTILATION AND 

plumbing; sheet metal pattern drafting; mechan- 
ical AND perspective DRAWING; REFRIGERATION; TEL- 
EPHONY; telegraphy; and textiles, including the 
manufacture of cotton and woolen cloth, tex- 
tile DESIGN. AND KNITTING; ALSO COLLEGE PREPARA- 
TORY COURSES FOR ENGINEERING COLLEGES. 

COMPLETE BULLETIN OF 200 PAGES GIVING COM- 
PLETE SYNOPSIS OF ABOVE COURSES MAY BE HAD ON 
REQUEST. 



DEPARTMENT OF 

ELECTRICAL ENGINEERING 

COTTRSES 

fiLECTRICAL ENGINEERING 

MECHANICAI^ELECTRICAL ENGINEERING 

CENTRAL STATION WORK 

ELECTRIC LIGHTING 

ELECTRIC RAILWAYS 

TELEPHONE PRACTICE 

THE ELECTRIC TELEGRAPH 

ELECTRIC WIRING 

EIECTBICAL ENGINEEBINa 

f f I' 1HE rapid development of Electrical Engineering during 
—/^^^ I the last few years has been due largely to a recognition 

of the real importance of theory. Success in practical 
work is attained only by the application of sound theory. 
The courses in this department aim to give thorough in- 
struction concerning the most essential of these theories and their 
practical applications to the industrial arts. 

The student first lays a foundation by taking the preliminary 
studies which are elementary in character and treated as briefly as the 
technical work will permit. The technical portion includes instruction 
in batteries, Ohm's law, induction, etc. Both direct and alternating 
current machines are discussed in detail and many suggestions given 
for their practical management; the application of electricity to light- 
ing, bell-work, railways, central station work, telephones and telegraph 
are taken up in a manner suited to tlie practical man as well as to the 
student. 

The methods of testing with instructions for using measuring in- 
struments make the various problems easily understood. Among the 
interesting features of tlie course may be mentioned, storage-battery 
work, practical directions for wiring houses for electric bells, electric 
lights, burglar alarms, gas lighters, etc. To make tlie work more com- 
plete, especially for those engaged in central station work, instruction 
is given in steam boilers, pumps and engines. 




ELECTRICAL ENGINEERING COURSE 

nrcLUDoro mechavical dbawzvo 

Prepared for Electricians, Electrical Engineers, Power Station Engi- 
neers, Motormen, Automobile Drivers, Dynamo Tenders, Testers, Line- 
men, Designers, Draftsmen, Telegrapli Operators, Telephone inspectors, 
Lamp Trimmers, inventors, Chemists, Patent Lawyers, instructors, Stu- 
dents^ Dealers in Electrical Machinery, and others. 



INSTRUCTION PAPERS IN THE COURSE 



Elements of Electricity. 

Elementary Mathematics (4 parts). 

The Electric (?urreut. 

Theory of Dynanio-Elwtrlc Machinery. 

Direct Current Dynamos. 

Direct Current Motors. 

Types of Dynamo-Eloctric Machinery. 

Management of I>ynamo-Ele<*trlc Ma- 
chinery. Tart 1. 

ManaKcment of I>ynamo-Electrlc Ma- 
chinery Part II. 

Storage Batteries. 

Ele<'tric Wiring. 

Electric Lighting. 

Electric Railways. 

Heat. 

Elements of Chemistry. 
•Metallurgy. 

Mathematics (4 parts). 

Electrical Measurements. 

Alternating Current .Ma<'hy. Part I. 

Alternating Current .Miiehy. i'art II. 

Alternating Current Machy. Tart III. 



Part IV. 
Part V. 
Part VL 



Alternating Current Machy. 

Alternating Current Macliy. 

Alternating Current Machy. 

.Mei'hanlcs. Part I. 

.Mechanics. Part II. 

Mechanism. 

Typ€'8 of Boilers. 

Boiler Accessories. 

Steam Pumps. 

Steam Engine. Part I. 

Steam Engine. Part II. 

Power Stations. 

IViwer Transmission. 

Design of Direct Current Dynamos. 

MiM'hanical Drawing. Part I. 

Mechanical Drawing. Part II. 

Mechanical Drawing. Part III. 

Mechanical Drawing. Part IV. 
♦.Merhanlcal Drawing. Part V. 
•Mechanical Drawing. Part VI. 

Machine Design. Part I. 

Machine Design. Part II. 



•Optional. 



NOTE: The Instruction Papers prepared by Prof. Wm. Bsty, head cf the Department eS 
EXectrieal Engineering, Lehigh University, on Alternating Current Machinery, describe the latest 
machines and their operation and explain the advanced theories without the use of higher 
mathematics. The papers on Management of Dynamo Electric Blachinery, by Prof. P. B. Crocker 
(joint author vnth S. S. Wheeler of "Practical Management of Dynamos and Motors**) give the 
m^fst recent and best practice on this subject, and in Electric Railways, prepared by James R. 
Cravath, Western Editor "Street Railway Journal," will be found the most recent developments, 
including elevated railumy work, with full treatment of the Third Rail, Multiple Unit, and 
AltemaXing Current Systems; Magnetic Brakes, Air Brakes, and Safety Arrangements, 



SYNOPSIS OF COURSE 
GEITEKAL STUDIES 



ARtTBMETIC. ELEMEVTAKY ALOEBBA AKS 
HENSUaATIOH. VECHANICB. HECHAMIBH, 
BIIAT, EL£1I£NTB OF CHEHIBTBT, IIETAI.LUBGT 




POWEB STATIONS: L'wation; Butldlngs: Machinery; Measuring Instmments; Switch- 
board; SUrtlnK; Stopping; PaulU In Generatom and Motors; Accumulators; Charging 
and Discharging; Troubles. 

POWEB TRANSMISSION: Line Ioas: Direct and Alternating Current Systems; Voltages; 
Wiring; Transmission Lines; Losses; Illustrative Installations. 



TELEPHONE PRACTICE 

A complete, practical course for all those engaged in Telephone Work. 



INSTRUCTION PAPERS IN THE COURSE 



Arithmetic Part I. 

Arithmoth' Part II. 

ArlthmotU- Part ML 

Elementary Algebra and Men- 
suration. 
•Heat. 
•Elements of Chemistry. 

Elements of Elect rielty. 

The Electric Current. 



^Optional. 



•Theory of Dynamo-Electric 

chinery. 
Types of Dynamo-Electric 

ehlnery. 
Electrical Measurements. 
Telepliony Part I. 
Telephony Part II. 
Telei>hony Part III. 
Telephony Part IV. 
Telephony Part V. 
Telephony Part VI. 



Ma- 



Ma- 




TELEPHONY 



SOXrin) AND ELECTRICITT: Electrical Energy. Batteries. Primary 
and Se<?ondary Alternating Currents. Magnetism, Induction, Dy- 
namos. Electro-Static Capacity. 

HISTOBT: Bell RecciTcr. Microphone. Early Transmitters. Modem 
Forms, Iluunings-Iiughcs. Berliner, Blake. Solid Back. 

TELEPHONE INSTRUMENTS: For Talking. Signalling, Bells. Gen- 
erators, C-t»mplctc Telephone — Bridging and Series. 

TELEPHONE LINES: Arrangement. Metallic and Grounded Circuits, 
DiHtributlon In Outline. Trunk Lines, Toll Lines. Sub8cril>er 
Lines. 

LINE C0NSTBX7CTI0N: Classification. Open Wire Lines. Materials 
of Construction, Polc'S. Pole Fittings. Cross Arms. Erection of 
Poles. Stringing Wire, (iuylng. Aerial Cable Lines, Stringing 
SuH)>en8iun Wire, Suspension Cable. Cable Cross Arms, Under- 
ground Cable Lilies. Subwaya. Manholes. Pulling in Cables, Splic- 
ing and Pot Heading. Terminal Points. Test Points, Distributing 
Points, Submarine Cable Lines. 

PBOPEBTIES: TransinisMlon, Noisy Lines. Heary Lines. Cross Talk— by Line, by Central 
Ofri4>e ApiMiratus. Remedies. Retardation Coils, Repeating Coils. Traotpositlon, Pupin's 
Load Colls. 

TELEPHONE EXCHANGE: Syatcms of OiK>rnting In Outline. Switchboards, Standard. Mul- 
tiple. 8pe<*ial. Main Distributing Itoard. Intermediate Distributing Board. Exchange 
Wiring, SubscrilH'r and Trunk Circuits. Order Circuits, OlTlce Circuits. Power Appa- 
ratus. Primary Batteries, Secondary Batteries. Charging Machine, Ringing Current 
Machine, Si)ecial Machines. 



TELEPHONE OPEBATINO: 

Calls. Trunk Calls. 



TOLL OPEBATINO: 

boards. 



Operating Force, Operating Systems, Standard Board, Local 
Toll Boards, Toll Lines, Long Distance Swltch- 



TELEPHONE SYSTEMS: Direct Line. Party Line. Code SignalUng. 
8«Mective Ringing. B. W. C. System, Four Party Systems, Auto- 
matic Systems, House Systems, Priratc Branch Exchanges. 

COMMON BATTERY SYSTEM: Theory. Switchtioard, Subscriber's 
Apparatus, Circuits, Auxiliary Apparatus. 

TELEPHONE MAINTENANCE: Testing and Clearing Trouble, Wire 
Chiefs Desk. Testing Circuits and Apparatus, Wire Chief's Force, 
Method of Reporting and Clearing Trouble. 

CABLE MAINTENANCE: Testing New Cables, Cutting Into Service, 
L<M'atlng Faults. Replacing Defective Sections. 

Also courses on Central Station Work, Electric Railways, Electric 
Lighting, Electric Wiring, Electric Telegraph, together with courses on 
Civil, Mechanical, Steam, and Sanitary Engineering — Architecture and 
Textiles. 
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Auto Alphabet Instrument 

ilrnment farninhed wllb "Tlie Bleclric Tele(r>ph" la 



ELECTRIC RAILWAYS 

Prepared for Railway Superintendents, Motormen, Conductors, Line' 
men, WIremen, and Students. 



INSTRUCTION PAPERS IN THE COURSE 

Theory of Dynamo-Electric Ma- 



Arithmetic Tart 1. 
Arithmetic Tart II. 
Arithmetic Part III. 
Elementary Algebra and Men 

Buratlon. 
Elements of Electricity. 
The Electric Current. 



chlnery. 
Direct-Current Dynamos. 
Direct-Current Motors. 
Electric Wiring. 
Electric Railways, 



ELECTRIC WIRING 

A sliort, practical course in House Wiring and Bell Work for Plumb* 
ers, Gasfitters, Arcliitects, Electricians, and otiiers. 



INSTRUCTION PAPERS IN THE COURSE 



Arithmetic Part I. 

Arithmetic Part II. 
•Arithmetic Part III. 
•Elementary Algebra and Men- 
suration. 



'Optional. 



Elements of Electricity. 
The Elwtric Current. 
Electric Wiring. 



ELECTRIC LIGHTING 

A concise course prepared for Dynamo Tenders, Linemen, Wiremen, 
Lamp Trimmers, Stationary Engineers, and Students. 



INSTRUCTION PAPERS IN THE COURSE 



Arithmetic Part 1. 
Arithmetic Part II. 
Arithmetic Part III. 
Elementary Algebra and Men- 
suration. 
Elements of Electricity. 
The Electric Current. 



Theory of Dynamo-Electric Ma- 
chinery. 
Dliect-Current Dynamos. 
Direct-Current Motors. 
Electric Wiring. 
Electric Lighting. 



PARTIAL LIST OP TEXT-QOOK WRITERS AND INSTRUCTORS IN 
THE DEPARTMENT OP ELECTRICAL ENGINEERING. 



F. B. CROCKER, E. M., PH. D. 

Head of Dept. of Electrical Englneeiin?, Columbia Univenity. 
Past President, American Institute Electrical Engineers. 

H. C. CUSHING, JR. 

Consulting Electrical Engineer. 
Author of " Standard Wiring for Electric Llgtit and Power.' 

LAWRENCE K. SAGER, S. B., LL. B. 

Formerly Assistant Examiner, U. S. Patent Office. 

WILUAM ESTY, S. B. 

Professor of Electrical Engineering, 
Lehigh University. 

CHARLES L. GRIFFIN, S. B. 

Chief Draughtsman, Semet-Solvay Co. 

LOUIS DERR, S. B., A. M. 

Assistant Professor of Physics, 
Massachusetts Institute of Technology. 

PROF. DUGALD C. JACKSON 

Collaborator tvith 

PROF. GEORGE C. SHAAD 

Department of Electrical Engineering, 
University of Wisconsin. 

WALTER B. SNOW. S. B. 
Mechanical Engineer, B. F. Sturtevant Co. 

ARTHUR L. RICE, M. M. E. 

Editor ** The Engineer." 

CHARLES THOM 

Chief Quadruplex Department, 
Western Union Telegraph Co. 

WILLIAM C. BOYRER, M. E., M. M. E. 

Formerly Division Engineer, 
N. Y. and N. J. Tel. Ca 

CLARENCE E. FREEMAN, M. S. E. E 

Professor of Electrical Engineering, 
Armour Institute of Technology. 

JOHN E. SNOW, M. S., E. E. 

Associate Professor of Electrical Engineering 
Armour Institute of Technology. 

HARRIS C. TROW, S. B. 

American School of Correspondence. 

JAMES R. CRAVATH 

Western Editor "Street Railway Journal." 
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